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Richard C. Davis, Great Neck, N.Y., Edward J. 
Fogarty, Rutherford, N.J., and Robert O. 
Rippere, Massapequa, N. Y., assignors to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application June 30, 1944, Serial No. 542,986 

(C. 35-12) 41 Claims. 

This invention relates to an aircraft trainer 
in which the operation of controls similar to 
those of a standard aircraft by the pilot, copilot, 
navigator or flight engineer, causes the opera 
tion of instruments on the pilot's, navigator's 
and engineer's instrument panels and of instru 
ments at an instructor's desk to simulate the 
instrument operations of an actual aircraft in 
fight, whereby an aircraft crew may be given 
ground training to enable the crew members to 
coordinate their efforts to insure efficient air 
craft operation under actual flying conditions in 
a regular aircraft. 
In the training of aircraft personnel it has 

been the practice heretofore to give pilots basic 
training in aircraft of the trainer type and to 
give flight engineers and navigators ground 
training with the actual equipment of aircraft. 
Following such basic training it has then been 
the practice to form crews from such basically 
trained personnel and to give Such crews coordi 
nated training in the flight of actual aircraft 
Which they will later be assigned to fly in combat 
duty. 
The larger aircraft, particularly the multi 

engined bomber airplanes, are costly to build, to 
fly and to maintain and the use of such airplanes 
for extended training purposes with crews who 
may have had little or no experience in their 
operation introduces a great hazard both to the 
equipment and to the operating personnel during 
the training period and obviously withdraws such 
airplanes from their more valuable use in actual 
combat Service. - 

Since the members of a crew have all had 
basic training in flying and in the operation of 
equipment of airplanes, the actual flying hours 
in the type of airplane which they will ultimately 
be assigned to fly may be materially reduced 
through the use of a ground trainer designed to 
simulate all of the flight and operational func 
tions of the type of airplane to which they will 
later, be assigned. After coordinated training in 
Such a ground trainer, the crew training may 
then be completed within a comparatively few 
hours of flying in an actual airplane. 

It is therefore an object of the present inven 
tion to provide a ground trainer in which an air 
plane crew may be trained to perform all of the 
flight and operational functions which would be 
required to actually fly an airplane which the 
trainer is designed to simulate. 

It is a further object of the invention to pro 
vide a ground trainer which simulates in every 
detail the flight and operational controls of an 

) 

O 
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2 
actual airplane whereby the crew personnel 
under training therein may, under controls exer 
cised by an instructor, be subjected to any COn 
dition of fight which might later be experienced 
in the flight of a similar aircraft. 
One feature of the invention is the provision of 

a bank circuit which is responsive to the aileron 
and rudder controls of the trainer, to the true air 
speed and ball circuits of the trainer and to 
rough air and lateral center of gravity unbalance, 
that is, right or left wing heavy conditions in 
posed by the instructor, which bank circuit is 
instrumental in controlling an associated bank 
motor control circuit to control other control cir 
cuits of the trainer and to control the operation 
of the bank indicator of the artificial horizon 
instruments on the pilot's, copilot's and instruc 
tor's instrument panels. 
A further feature of the invention is the pro 

) vision of a ball circuit which is responsive to the 
bank, rate of turn and true air speed circuits of 
the trainer for controlling an associated ball 
notor circuit to control other control circuit.S of 
the trainer and to control the operation of the 
ball indicator of the turn and bank instruments 
on the pilot's, copilot's and instructor's instru 
ment panels. 
A further feature of the invention is the pro 

vision of a rate of turn circuit which is respon 
Sive to the right and left engine brake horse 
power, bank and ball circuits of the trainer and 
to rough air conditions imposed by the instructor 
to control other control circuits of the trainer 
and to control the rate of turn indicator of the 
turn and bank instruments on the pilot's, co 
pilot's and instructor's instrument panels. 
A further feature of the invention is the pro 

vision of a compass circuit Which is responsive 
to the rate of turn circuit of the trainer for con 
trolling the directional gyro instrument on the 
pilot's and instructor's instrument panels, the 
magnetic compass on the navigator's instrument 
panel and the remote indicating compasses on 
the pilot's, copilot's and instructor's instrument 
panels and in conjunction with the true air speed 
circuit of the trainer and the wind velocity and 
direction controls interposed by the instructor 
for controlling the Speed and orientation of a 
flight recorder at the instructor's desk. 
A further feature of the invention is the pro 

vision of a rate of climb circuit which is respon 
sive to the Weight, bank, angle of attack, wing 
flaps and indicated air speed circuits of the 
trainer for controlling other control circuits of 
the trainer and for controlling the rate of climb 
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instruments on the pilot's, copilot's and instruc 
tor's instrument panels. 
A further feature of the invention is the pro 

vision of a weight circuit which is responsive to 
contro from the instructor's desk Whereby the 
instructor at any time may introduce a change in 
the weight of the airplane simulated by the 
trainer as for example the loss of Weight due to 
the consumption of oil and fuel or the expendi 
ture of ammunition and bomb load, or the in 
crease in weight due to the accumulation of ice. 
A further feature of the invention is the pro 

vision of a wing flaps circuit which is responsive 
to control fronn the pilot's pedestal for intro 
ducing into othel control cil'cuits of the traine 
the effect of moving the wing flaps up or down 
and for controlling instiruments on the copilot's 
and instructor's instrument panels for indicating 
whether the wing fiaps have been moved up or 
down. 
A further feature of the invention is the pro 

vision of an angle of attack circuit which is re 
sponsive to the wing flaps, thrust horsepower 
and indicated air speed circuits of the trainer 
and to rough air and longitudinal center of 
gravity unbalance conditions imposed by the in 
structor and to the yoke cointrol operated by 
either the pilot or copilot for controlling other 
control circuits of the trainer. 
A further feature of the invention is the provi 

sion of an indicated air speed circuit which is 
responsive to the weight, Wing flaps, true air 
speed, angle of attack, rate of climb and thrust 
horsepower circuits of the trainer and to the yoke 
control operated by either the pilot or copilot 
for controling other control circuits of the 
trainer and for controlling the indicated air 
speed indicating instruments on the pilot's, co 
pilot's, navigator's and instructor's instrument 
panels. 
Á furtiner feature of the invention is the pro 

vision of a pitch ball circuit Which is responsive 
to the rate of climb and angle of attack circuits 
of the trainer for controlling the pitch bar of the 
artificial horizon instruments on the pilots and 
instructor's instrument panels. 
A furthel' feature of the invention is the pro 

vision of an altireter circuit which is responsive 
to the rate of climb circuit of the trainer for con 
trolling other control circuits of the trainer and 
for controlling the altimeters on the pilot's, co 
pilot's, navigator's and instructor's instrument 
panels. 
A further feature of the invention is the provi 

sion of a true air speed circuit which is respon 
ive to the indicated air speed circuit of the 
trainer for controlling other control circuits of 
the trainer. 
Other features of the invention will become 

apparent upon the consideration of the following 
detailed description of the invention when read 
in connection wtih the accompanying drawings 
in Which: 

Fig. 1 is a schematic representation of the es 
sential elements of the trainer including a 
"mock-up' of the fuselage of the airplane which 
the trainer is designed to simulate, instructor's 
desk and apparatus cabinets interconnected by 
suitable cables of control conductors; 

Fig.2 shows the flight recorder control circuit 
for controlling the operation of the flight re 
cordel located on the instructor's desk and dis 
closed in Fig. 19; 

Figs. 3 to 13, inclusive show interacting cir 
cuits which are responsive to the yoke, aileron 
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4. 
and rudder controls at the pilot's and copilot's 
stations disclosed in Figs. 14 and 15 and to con 
trois at the instructor's desk. Of these figures, 
Figs. 3 and 9 show in the upper portions thereof. 
the compass and compass motor control circuits 
and in the lower portions thereof the ball and 
ball motor control circuits; Figs. 4 and 10 Show 
in the upper portions thereof the bank and bank 
notor control circuits and in the lower portions 
thereof the rate-of-turn and rate-of-turn motor 
control circuits; Figs, 5 and 11 show in the upper 
portions thereof the angle-of-attack and angle 
of-attack motGl’ control circuitS and in the lOW Ser 
portions thereof the rate-of-climb and rate-of 
climb motor control circuits; Figs. 6 and 12 show 
in the upper portions thereof the indicated-air 
Speed and the indicated-air-Speed moto cO 
trol circuits and in the lower portions thereof 
the altimeter and altimeter motor control cir 
cuits, and iigS. 'i and 13 Show in the upper pol’’- 
tions of Fig. 13, the pitch-bar and pitch-bar mo 
to control circuits, in the upper right portion of 
Fig. the wing flaps motor circuit, in the lower 
portion of Fig. 7 the true-air-speed and true-air 
Speed moto control circuits, and in the lower 
portion of Fig. 13 the Weight motor control 
circuit; 

Fig. 8 shows the rough air circuit which is 
controllable from controls shown in Fig. 19 lo 
cated at the instructor's desk; 

Fig. 14 ShoWS in the upper portion thereof the 
fight instruments of the pilot's instrument panel 
and in the lower portion thereof the Schematic 
representation of the pilot's yoke, aileron and 
rudder controls; 

Fig. 15 shows in the upper portion thereof the 
flight instruments of the copilot's instrument 
panel, in the lower left portion thereof the Sche 
matic representation of the elevator, aileron and 
rudder trimming wheels, in the central lower por 
tion thereof the schematic representation of the 
copilot's yoke, ailerons and rudder controls and 
in the lower right portion thereof boxes rep 
resenting the elevator, aileron and rudder trim 
ming mechanism: 

Fig. 16 shows boxes representing the elevator, 
aileron and rudder trimming motor control cir 
cuits and the circuit for controlling the motor 
which tensions the loading springs of the trim 
ming mechanisms disclosed in Fig. 15; 

Figs. 17 and 18 taken together disclose instru 
ments and controls mounted on a pedestal lo 
cated between the pilot's and copilot's stations 
and beneath their instrument panels; 

FigS. 19 to 26, inclusive, disclose instruments, 
signal lamps and controls located on the instruc 
tOr’s desk; 

Fig. 27 shows apparatus located at the naviga 
tor's station including apparatus for simulating 
the functions of a drift sight and such flight in 
struments as are required for observation by the 
na Vigator; 

Figs. 28 to 35, inclusive, disclose instruments, 
Signals and controls mounted on the fight engi 
neer’s instrument and control panels together 
with relays and other equipment controlled 
thereby; 

Figs. 36 to 57, inclusive, disclose the interact 
ing circuits which are responsive to the engine 
and propeller controls operable by the pilots or 
by the flight engineer. Of these circuits Fig. 36 
shows the Simulated auxiliary engine oil pres 
sure, cylinder and oil temperature motor control 
circuits, the suction motor control circuit and the 
de-icer motor control circuit; Fig. 47 shows the 
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tachometer motor control circuits for both the 
simulated right and left main engines; Figs. 37 
and 48 show the fuel-flow motor control and fuel 
flow circuits for the two simulated main engines; 
FigS. 38 and 49 show the 

V 
ND 

motor control and 
Vy 
ND 

circuits for the two simulated main engines; Figs. 
39 and 50 show the brake-horsepower motor con 
trol and brake-horsepower circuits for the two 
simulated main engines; FigS. 40 and 51 show the 
R. P. M. motor control and R. P. M. circuits for 
the tWO simulated main engines; FigS. 41 and 52 
show the manifold-pressure motor control and 
manifold-pressure circuits for the two simulated : 
main engines; FigS. 42 and 53 show in the upper 
portions thereof the brake-mean-effective-pres 
Sure motor control and brake-mean-effective 
pressure circuits and in the lower portions theire 
of the thrust-horsepower motor control and 
thrust-horsepower circuits; Figs. 43 and 54 show 
the R. P. M.-memory motor control and R. P. M.- 
memory circuit.S for the tWO simulated main en 
gines; Figs. 44 and 55 show the propeller-pitch 
notor control and propeller-pitch circuits for the 3: 
two simulated main engines; Fig. 56 shows the 
control circuits for the simulated right engine; 
Fig. 45 shows a box representing the control cir 
cuits of the simulated left engine Similar to the 
circuits of Fig. 56; Fig. 57 shows the oil pressure, 
fuel pressure and cowl flaps motor circuits for the 
simulated right engine and in the upper left cor 
ner and the upper right corner of Fig. 46 the cyl 
inder and oil temperature motor circuit for the 
simulated right engine; and Fig. 46 ShoWS boxes 
representing similar oil pressure, fuel preSSure, 
cowl flaps, cylinder and oil temperature motor 
circuits for the simulated left engine. 

Fig. 58 shows in the upper portion thereof cir 
cuits for simulating the Sounds produced in start 
ing and operating the right main engine and in 
the lower portion thereof a box representing Sin 
ilar circuits for simulating the Sounds produced 
in starting and operating the left main engine; 

Fig. 59 discloses lamps for lighting the instru 
ment panels and station of the radio Operator; 
and 

Fig. 60 is a diagram illustrating how the Sey 
eral figures of the drawing should be aSSembled 
to completely disclose the invention. 
The invention has been illustrated as applied 

to a two-engine patrol bomber of the Seaplane 
type and more particularly to a Navy Seaplane 
known as the PBM3. It is, of course, to be under 
stood that the general principles embodied in the 
invention are equally applicable to trainers which 
might be designed for training crews of one or 
more members in the operation of other types of 
land or seaplanes having One, tWO or more en 
gineS. 

Referring first to Fig. 1, the equipment of the 
trainer is disclosed schematically and Comprises 
a mock-up f OO of the fuselage of the airplane so 
constructed as to closely resemble in size, ar 
rangement and appearance the fuselage of the 
actual airplane which the trainer is designed to 
simulate. The pilot's and copilot's seats to and 
2 are positioned side by side near the forward 

end of the fuselage with a set of trimming wheels 
O3 positioned between the seats and within easy 

s 
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reach of both the pilot and copilot, Positioned 
in front of the pilot's seat is a control yoke 05 
and associated aileron control wheel 06 and a 
pair of rudder control pedals 07. Similar con 
trols are positioned in front of the copilot's Seat 

2. 
Extending across the front of the fuselage and 

beneath the windshield is an instrument panel 
O8 in which instruments for observation by the 

pilot, other instruments for observation by the 
copilot and instruments for observation by both 
pilots are mounted. Also positioned beneath the 
instrument panel 08 and between the pilot's and 
copilot's seats is a pedestal 09 on the top and 
front face of which other instruments and con 
trol switches are mounted for the continon use 
of both pilotS. 

Immediately back of the copilot's seat 02 and 
positioned against the side wall of the fuselage 
is the table and the radio panels O of the radio 
operator's station and back of the pilot's Seat 
í f í and positioned against the other side wall of 
the fuselage is the navigator's table f. Also 
back of the navigator's table are the control and 
instrument panels 2 of the flight engineer's 
station. The apparatus disclosed in FigS. i4 to 
18, 27 to 35, and 59 is mounted in the mock-up 

. 
The mock-up O is connected by a cable 3 

of control conductors with the instructor's desk 
i4 and by cable f 5 with the apparatus cabinets 
: 6 which cabinets are also connected by cable 

with the instructor's desk 4. Positioned 
On the desk i 4 are instrument Control and Sig 
nal panels 8 and 9 and positioned on the top 
of the desk is a flight recorder 900 which is op 
erable to plot on a chart over which it moves the 
ground speed and course of the simulated flight 
flown by the crew under training. Other con 
trols for the use of the instructor are positioned 
in drawers of the desk. The apparatus associ 
ated with the instructor's desk is disclosed in 
FigS. 9 to 26, inclusive. 
The apparatus disclosed in FigS. 2 to 13 and 36 

to 58 together with power Supply and Switching 
equipment (not shown) is mounted in the ap 
paratus cabinetS 6. 
The notor control circuits are in general aS 

sembled in pairs, for example, the compass no 
tor control circuit disclosed in Figs. 3 and 9 and 
the fight recorder motor control circuit disclosed 
in Fig. 2 constitute one assembly, the ball motor 
control circuit shown in Fig. 9 and the bank 
notor contro circuit shown in Fig. 10 constitute 
another assembly, etc. Each motor control cir 
cuit comprises a direct current reversible motor 
which through a reduction gear box drives a 
main driving shaft, which in turn may drive one 
or more synchronous transmitters of the so-called 
"autosyn' or "magneSyn' type for controlling 
instruments remotely mounted on instrument 
panels of the trainer or on the instructor's desk, 
may drive potentiometers or variable autotrans 
formers of the so-called ºvariacº type for con 
trolling other motor control circuit.S of the trainer 
and in most cases drives limit Switches to insure 
that the driving motor will be arrested before 
the brushes of potentiometers or variacs are 
driven beyond the ends of the windings with 
which they are associated. This equipment may 
be mounted on a suitable mounting plate and the 
relays, condensers, resistances, control rheostats, 
testing jacks and electronic devices associated 
with the equipment mounted on the motor plate 
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may be mounted on an apparatus mounting rack 
positioned above and secured to the motor plate. 
Several of these motor plates and mounting rack 
assemblies may be mounted one above the other 
in the apparatus cabinets 6 of Fig. i. 
Each of the motor control circuits, for example 

the circuit disclosed in Fig. 9, is of the type dis 
closed and fully described in the application of 
Albert et al., Serial No. 502,484, filed September 
15, 1943. This application has matured into Pat 
ent, No. 2,428,767, dated October 14, 1947. In 
general the circuit for controlling the motor MS 
comprises a dual triode amplifier tube 900 which 
receives a signs: incoming on conductor 90, an 
plifies it and applies it through the step-up trans 
former 52 to the anodes of the dual diode rec 
tifying tube S3. The tube 903 serves as a full 
wave rectifier to rectify the input potential from 
the tube 33 and to apply it as a positive potent 
tial to the grid of gas-filled tube 965. The out 
put potential from tube Sog is also applied 
through the lower secondary winding of trans 
former 902 to the control grid of the gas-filled 
tube SC. Direct, current for furnishing grid bias 
to the control grids of tubes S4 and 95 is Sup 
plied from the right secondary winding of power 
transformer 9 through the dual diode rectifier 
tube 35§ der the control of the grid bia Sing ?? 

control rheostats 9:7 and 998. Filament heating 
current for all of the tubes is supplied from the 
other secondary windings of power trainsformer 
99. Anode potentiai is applied to the anodes of 
aimplifier tube $35 from the anode battery B3 and 
60-cycle anode potentials 180 degrees apart in 
phase are applied to the anodes of tubes 94 and 
9835, the poteniiaii cif phase g # being 3. Epplied froni 
the phase p 1:5-volt bus bar fisp through 
the winding of anode relay RV to the anode of 
tube 94 and potential of phase q2 being applied 
from the phase sp2 15-volt bus bar 5p2 to the 
anode of the 5. 
The motor IAS is of the direct current reversible 

type whose stator circuit is energized by current 
irom the direct Current Source B9 ulder the con 
trol of reversing relay RWE which is in turn under 
the control of the anode reiay R.V aSSociated With 
the gas-filled tube 34, and whose rotor Winding 
is energized by positive impulses Cf current tramS 
mitted therethrough by the firing of the gas 
filled tube $05. When the input potential ap 
plied to conductor 93 is in phase with the po 
tential of phase p applied to the anode of tube 
5); and out of phase with the potential of phase 
p2 applied to the ancide of tube 905, relayS RV is 
and RW Will not operate and motor M9 will be 
operated in response to the incoming Signal in 
one direction of rotation and, when the input po 
tential is out of phase with the potential of phase 
pf applied to the anode of tube 904 and in phase 
With the potential of phase p2 applied to the 
anode of tube 25, relays RW and RW Will operate 
and motor MS Will be operated in response to the 
incoming signal in the reverse direction. 

Potentiometers and Variacs. Which are driven 
by a motor contro circuit may enter into the 
control of Several other motor control circuits 
of the trainer, for eXainple, as is the case of the 
true-air-speed motor control circuit disclosed in 
Fig. which as a variac ASV2 ShoWn in Fig. 
3 associated. With the Synch'Onous generator SG 
diven by the Shaft Si of the coimpass motor con 
rol circuit of 9, three potentionette's 
TA SP3, TASP3 and TA SPS associated with the 
rate of turn circuit, two potentiometers TASP6 

f i. 

s 

i 

actual airplane. 

?,584,881 
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and TASP7 associated with the indicated air 
speed circuit of Fig. 6, balancing potentiometer 
TASPO associated with its own circuit of Fig. 7, 
variac TASW associated with the 

? 
ND 

circuit of Fig. 49 and potentiometers TASP4 and 
TASP5 associated with the R. P. M. memory cir 
cuit Of Fig. 54. 
As previously stated these variacs and potenti 

Ometers would all be mounted on the motor plate 
of the true-air-speed motor control circuit and 
conductors would be extended from Such variaCS 
and potentiometers to the various parts of the 
trainer where their controls are to be exercised. 
However, for the purpose of simplifying the dis 
closure So that all variacs or potentiometers 
which enter into the control of any one motor 
control circuit may be shown grouped together 
adjacent to Such notor control circuit, the driv 
ing shaft of each motor control circuit has been 
Schematically illustrated as extending across the 
Several circuits over which the variacs and po 
tentiomaters which it drives exercise control. 

Reverting to the true-air-speed motor control 
circuit previously taken as an example, it will 
be noted that the driving Shaft thereof is 
cginnected by the unity ratio bevel gears 2 with 
the shaft, 3 upon which the brushes of variac 
TRASW2 and of potentiometers TA SP3 and TASP6 
to TASP, inclusive are mounted and the shaft 
3 is further connected through the unity ratio 

level gears , shaft, 5, the unity ratio bevel 
gears 239, shaft 240, unit ratio bevel gears 2600, 
shaft 26 and unity ratio bevel gears 5280 to 
the shaf. 528 || on Which the brushes of the variacs 
TASW and the brushes of the potentiometers 
AS and TASP5 are mounted. 
The control yokes f4 and 5, the aileron 

control wheels 45 and 55, and the pairs of 
rudder pedals 4 and 48 and 509 and 5C 
at the pilot's and copilot's stations are schemat 
ically illustrative of the similar controls of an 

The yokes 4 and 5 for 
the purposes of this disclosure have been illus 
trated as OScillatable at their lower ends on the 
shaft 48 and provided with segment gears 

2 and 52 at their lower ends, meshed with 
gears 43 and 53 on the shaft 44 whereby 
When the pilot or Copiiot clishes his yoke a Way 
from him to simulate a dive or pulls the yoke to 
Ward him to Sinate a climb the shaft 44 is ro 
tated in One or the other direction and through 
the unity ratio bevel gears 394 and the shaft 35 
rotates the brushes of the potentiometers YP 

di YFP mounted On the Shaft 365. 
The aileron control wheels 45 and 55 for 

ise l'OSes of his disclosure have been illus 

5 and by 
Spocket. Wheels (not shown) and the sprocket 
cihains {46 and ?5!G drive the Sprocket wheels 

33 and 533 to transmit their Oscillations into 
an oscillatory movement of shaft 48 whereby 
When the pilot or copilot rotates the aileron 
wheels 45 or 35 in simulation of the operation 
of the aileron wheel of an aircraft, the shaft 
i ši i 8 is rotated in one or the other direction and 
hi'Oigin the unity ratio bevel gears 306 and the 
shaft 3 rotates the brush of the potentiometer 
ALP. This is the aileron wheel control employed 
in aircraft of the type Which the trainer of this 
invention simulates. 
The rudder control pedals 400 and 40 at 
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the pilot's station are pivoted on shafts 402 and 
407 and are connected by the rocker arms 43, 
405, 408 and 4 C and the links 4O4 and 499 

to the Shaft, 6. 
i 40 are positioned to extend in opposite di 
rections With respect to the shaft 406 so that 
When the right pedal 4 is depressed to simu 
late the movement of the rudder of an airplane 
for executing a right turn the shaft 46 is ro 
tated in One direction and when the left pedal 
í 438 is depressed to simulate the movement of 
the rudder of an airplane for executing a left 
turn, the shaft 406 is rotated in the opposite 
direction. The rudder control pedals 50 and 
f5 at the copilot's station are similarly pivoted 
on shafts 32 and 5 and connected by the 
rocker arris 53, 55, 508 and 50 and the 
links 5, and 509 to the shaft 406 so that the 
depression of pedal 53 rotates shaft 406 in 
One direction and the cepression of pedal 5 
'Otates Shaft & 6 in the opposite direction. The 
rotation of shaft. 46 is communicated through 
unity ratio bevel gears 302 to shaft, 33 for ro 
tating the brush of potentiometer RP. 

For applying loading to the controls for simu 
lating the resistance to the operation of the 
controls which a pilot would encounter in the 
operation of the controls of an actual aircraft 
and for Sinulating the effect on the controls in 
IeSponse to the operation of the elevator, aileron 
and rudder trimming wheels ET, AT, RT and 
elevator, aileron and rudder trimming mecha 
inisms illustrated by the boxes 57, 58 and 
f59 are provided controllable by the elevator, 
aileron and rudder trimming motor contro cir 
cuits illustrated by the boxes 600, 69 and 
f602 of Fig. 16. These loading mechanisms and 
control circuits therefor are of the type fully dis 
closed in the application of Bohman eat., Serial 
No. 542,984 filed concurrently herewith. This 
application has matured into Patent No. 2,519,233 
dated August 15, 1950. The loading springs of such 
trimming mechanisms are tensioned by cables 
605, 66 and 607 secured to the drum f694 
which is rotatable by the spring tensioning motor 
of the spring tensioning motor control circuit 
illustrated by the box 63 of Fig. 16.. This con 
trol circuit is also fully illustrated in the Bohman 
et al. application above referred to. w 

Each of the trimming wheels ET, AT and RT 
aS a rheostat a SSociated there With, brushes of 

which are rotatable in response to the rotation of 
the aSSociated triminning wyheels. These rheostats 
ETR, ATR and RTR are effective to control the 
elevator, aileron and rudder trimming motor con 
trol circuits. 
The flight recorder motor control circuit of Fig. 

2 in conjunction with the compass motor control 
circuit of Figs. 3 and 9 controls the flight re 
corder 900 positioned on the instructor's desk. 
The Speed at, which the fight recorder is ad 
vanced to record the actual ground speed of the 
simulated flight is under the control of the in 
terrupter illustrated by the box 28 of Fig. 2 
driven by motor M2 of the flight recorder motor 
control circuit of Fig. 2 and the orientation of the 
fight recorder to record the direction of the 
simulated flight course is under the control of the 
Synchronous generator FRA drive through the 
gea's 398, shaft, 39, gears 30, reduction gear box 
3 and gears 32 by notor M3 of the fight re 
corder control circuit of Fig. 2. For a complete 
disclosure of the fight recorder 9 and the 
manner in which it is controlled, reference may 
be had to the application of W. H. T. Holden, Se 

The rocker arms 45 and 
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rial No. 621,691, filed October 11, 1945. This ap 
plication has natured into Patent No. 2,486,784, 
dated November 1, 1949. 

For simulating the effect which the encounter 
iing of rough air has upon the control of an air 
plane and the instruments thereof, the rough air 
circuit of Fig. 8 is provided. For a, conplete de 
scription of the apparatus of this circuit and the 
operation thereof, reference may be had to the 
application of C. E. Germanton, Serial No. 542,982 
filed concurrently herewith. This application 
has natured into Patent No. 2,460,743, dated 
February 1, 1949. 
The instunnents on the pilot's and copilot's in 

strument, panels illustrated in Figs. 14, 15 and 17, 
the instruments on the navigator's table, Fig. 27, 
and the instruments. On the flight engineer's in 
strument panel are identical in appearance to the 
instruijents which Wold be found on the COrre 
sponding instrument panels on an actual air 
plane. Eiowever, these institmentS Sone of 
which in an actual airplane are constructed to be 
operated pneumatically are all constructed to be 
operated electrically. The instruments on the 
piliot’s and copilot’s panes, Figs. 14 and 15, are 
driven by Synchronous receivers of the 'autosyn' 
type associated thereWith by Which they are re 
motely controlled from Synchronous generators or 
transmitters &SSociated With notor coiatrol cir 
cuits. Soine of the instruments Such as, for ex 
ample, the gyro of artificial horizon, have tWO 
firiving autosyn receivers aSSociated therewith, in 
the case of the artificial horizon instrument one 
of the receivers being operable from the bank 
inotor control circuit to tip the artificial horizon 
ilar and to operate a pointer to indicate the angle 
of bark Siculated in the fight being conducted 
in the trainer and the other receiver being oper 
able from the pitch bar motor control circuit to 
raise or OWer the artificial horizon bar to indicate 
whether a level, diving or climbing fight is being 
simulated. An instruEnent of this type is fully 
disclosed in the Patent No. 2,38,872, granted 
August 14, 1945 to C. I. Baker. The instruments 
Shown in te upper portion Of Fig. 19 and certain 
of the instruments disclosed in Fig. 23 and 
mounted on the instrument panels of the in 
structor's desk and certain of the instruments 
disclosed in Fig. 28 and nounted on the fight 
engineer's instrument panel are also of the Syn 
chronous receiver driven type. 
The apparatus employed in carrying out the in 

vention having now beein fully described, the Op 
eration of the apparatus for crew training Will 
now be discussed. 

Preparing the trainer for operation 
To start an operational test of the trainer with 

the neinbers of the crew at their stations and the 
instructor at his desk, the instructor Sets all Con 
trois and keys at the "off' or normal position. With 
the following exceptions: The outside air tem 
perature rheostat OTR is adjusted for an outside 
air temperature of --15° C.; the Seven fuel quanº. 
tity control knobs 2494 to 2407, inclusive, of Fig. 
24 and 2S2, 2603 and 2604 of Fig. 26 are moved 
to the positions in which the brushes of the rheo 
stats controlled therely Will be set to the positions 
indicative of ful fuel tanks; the two oil quantity 
controls for the right and left, engines, 2408 and 
239 of Fig. 24, are moved to indicate readings of 
75 at Which time the brushes of the rheoStatS con 
trollegi thereby will be set towards their No. 3 
terminas; the weight control rheostat WCR, of 
Fig. 19 is adjusted until its associated pointer in 
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dicates a weight of 45,000 pounds for the airplane 
and its load; the lateral center of gravity control 
rheostat, LCGR of Fig. 19 is adjusted until the 
asSociated pointer is at the center point of its 
scale; the longitudihal center of gravity control 
rheOStat LOCGR of Fig. 19 is Set at the 33 per 
cent point of its scale; the wind velocity control of 
Fig. 19 is adjusted to the zero setting on its Scale 
at which time the brushes of the aSSociated rheo 
stats WVR, f and WWR2 will be set to the No. 4 
terminals of their windings; the switches for dis 
abling the right, and left engines 2500R and 2500I. 
of Fig. 25 are set in their “on' or closed positions; 
auxiliary power plant generator switch 2200, left 
generator switch 220, right generator Switch 
2202, storage battery switch 2203, inverter switch 
2204 of Fig. 22 are operated to their 'on' or closed 
positions and a piece of vellum paper is placed 
over the chart on the top of the instructor's desk 
and the fight recorder 900 of Fig. 19 is placed 
On the paper. 
At the flight engineer's station the flight en 

gineer closes all of the circuit breakers shown 
at the extreme left of Figs. 31, 32, 33 and 34 
thereby closing obvious circuits for the asso 
ciated relays. For example, with the battery 
circuit breaker 3 í 0 ! closed (BS) relay 3102 is 
operated and establishes a circuit from ground 
over its inner lower front contact and conductor 
303 of cable 300 to battery through the power 
battery lamp 2 00, Fig. 21, at the instructor's 
desk, whereupon lamp 2 OO lights to indicate that 
the battery power is on at the trainer. With the 
battery switch 2203 at the instructor's desk closed, 
a circuit is established from ground over the 
contacts of the switch, conductor 304 of cable 
3f 00, to battery through the winding of battery 
relay 305 which upon operating connects ground 
Over its lower contacts and the upper front con 
tact of relay 3 C2 to the ground buS bar GB. 
With ground connected to the ground bus bar 

GB, power on (PO) relay 3 06 operates, closes an 
obvious circuit for power on lamp 307 on the 
flight engineer's control panel and establishes a 
circuit from ground over its upper contacts and 4: 
conductor 308 of cable 300 to battery through 
the battery lamp 2205 at the instructor's desk 
to indicate that battery power has been switched 
Ol. 

In response to the closure of circuit breakers : 
340 to 3407, inclusive, of Fig. 34, circuits are 
established over conductors 3408 to 343, inclu 
sive, and 343 of cable 3400 and thence to battery 
through lamps 2000 to 2005, inclusive, and lamp 
20 at the instructor's desk and these lamps light 
indicative of the fact that the flight engineer has 
operated circuit breakers which in an actual air 
plane Would Supply power to those parts of the 
airplane indicated by the captions applied above 
such lamps. 
In response to the closure of circuit breakers 

344 to 34t 9, inclusive, relays 3420 to 3425, in 
clusive, are operated in turn establishing circuits 
from ground over the upper contacts thereof and 
over conductors 3427 to 3432, inclusive, of cable 
3400 and thence to battery through lamps 202, 
2fO3, 2006, 2008, 2104 and 2 05, respectively, at 
the instructor's desk and these lamps light in 
dicative of the fact that the flight engineer has 
Operated circuit breakers which in an actual air 
plane would Supply power to those parts of the 
airplane indicated by the captions applied above 
such lamps. 
GO relay 3420 in operating also causes the 

Operation of GO relay 3426 which controls the 
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application of power to the inter-communication 
system (not disclosed) of the trainer. Power 
right wing and power left wing relays 342 and 
3.422 over their lower contacts control the ap 
plication of power to the bombardier's station 
of the trainer (not disclosed). Forward hull re 
lay 3423 over its lower contacts connects operat 
ing ground from the bus bar GB, over conductor 
3387 of cable 3380 to the armatures of relays 
800, 802 and 803 associated with the pilot's 
pedestal equipment disclosed in Figs. 17 and 18. 
Radio relay 3424 over its lower contacts estab 
lishes a circuit from ground on bus bar GB, Over 
conductor 3433 to battery through the winding of 
relay 290 of Fig. 29 whereupon relay 290 op 
erates and connects battery from the battery bus 
bar 2902 over conductors of cable 2900 through 
the rheostats 5900, 590 l and 5902 to ground 
through the radio unit lamps 5903, the table 
lamp 5904 and the floor lamp 5905 at the radio 
operator's station on Fig. 59. Motor wing flaps 
relay 3425 over its lower contacts connects op 
erating ground from bus bar GB, over conductor 
3302 of cable 3380 to the lower armature of wing 

5 flaps relay 804 at the pilot's pedestal. 
In response to the closure of circuit breakers 

3434 and 3435 panel and flood lights and instru 
ment panel relays 3436 and 3437 of Fig. 34 are 
operated. Relay 3436 upon operating connects 
ground from bus bar GB over its lower contacts, 
conductor 3438, and to battery through the wind 
ing of relay 2903 of Fig. 29 which operates to 
establish circuits from battery at the battery bus 
bar 2902, through rheostat 2904, over the lower 
contacts of relay 2903 and to ground through the 
lights 2905 on the instrument panel of the flight 
engineer's station, to establish circuits from bat 
tery at the bus bar 2.902 through the rheostat 
2.907 and over upper contacts of relay 2903 to 
ground through the lights 2906 on the control 
panels of the flight engineer's station, and to 
establish a circuit from battery at the bus bar 
2902, through rheostat 2908 and over the upper 
most contacts of relay 2903 to ground through 
the flood light 2909 at the flight engineer's sta 
tion. The flight engineer adjusts the rheostats 
2904, 2907 and 2908 until the lights attain a 
desired brilliancy. Relay 3437 upon operating 
establishes an obvious circuit for relay 3439 and 
connects ground from buS bar GB Over its lower 
contacts and conductor 3440 to keys 2800 to 2803, 
inclusive, on the flight engineer's instrument 
panel, Fig. 28. 
In response to the closure of circuit breaker 

320?, the navigator's station relay 3202 operates 
in turn operating relay 3203 which in turn es 
tablishes a circuit from battery on battery bus 
bar 2.902, over conductor 290, over the contacts 
of relay 3203, conductor 335 of cable 3350, 
through the rheostat 2702 and to ground through 
the compass lamp 2703 and through the rheostat 
27.04 and to ground through the instrument panel 
lamp 2.05 for lighting these lamps at the naviga 
tor's station. In response to the closure of cir 
cuit breaker 3305 fight deck relay 3308 operates 
in turn operating relay 3309 which establishes a 
circuit from battery on battery bus bar 2902, over 
conductor 29, the lower contacts of relay 3309, 
conductors 3352 and 3353 of cable 3350 to ground 
through the table lamp 2706 and to ground 
through the floor light 270T and rheostat 2708 
at the navigator's station. Relay 3309 also con 
nects battery on conductor 290 over its upper 
contacts and conductors 330 and 33 to the 
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flight deck dome lights 3204 which light when the 
light Switch 325 is closed. 
When state room lights relay 332 operates in 

response to the closure of circuit breaker 3307, 
relay 33 3 operates and connects battery from 
battery bus bar 2982, over conductor 292, con 
tacts of relay 333, conductor 334, and through 
passageway light 323 which is thereupon lighted. 
At the pilot's pedestal the pilot or copilot 

pushes in the circuit breaker buttons 805 to 
f809, inclusive, until he hears them click in the 
closed and locked positions and relays 890 to 
804 are operated to prepare circuits under the 
control of the pilot. One of these circuits ex 
tends from ground applied as previously described i ; 
to conductor 3337, thence over the front con 
tact of relay 863, conductor 295 of cable 2950 
and to battery through the winding of relay 293, 
Relay 293 thereupon operates and connects bat 
tery from the battery bus bar 2992, over con 
ductors 2352 and 2353 of cable 2950, through 
rheostats if ard 792 to grond through the 
panel and pedestal lights iO3 and 35 for light 
ing such lights, and over conductor 2954 of cable 
2950 to switches 
pilot or copilo; may contro! the lighting of 
their respective spotlights fit and 8. The 
brightness of the panel lights G3 and 84 
may be adjusted to the desired brightness by 
the rheostats (70? and f '702. All lights for light 
ing instrument panels and stations of the trainer 
have now been lighted or prepared for lighting 
when they may be required. 
The flight engineer may now operate the self 

locking inverter Switch 32) 
operation of inverter relay 328 over a circuit 
from battery through its winding, over the con 
tacts of key 3207, conductor 3209 of cable 3200, 
to ground over the normally closed contacts of in 
verter key 2223 at the instructor's desk, Fig. 22. 
Relay 3298 upon operating establishes a circuit 
from ground over its upper contacts and con 
ductor 32 ) of cable 320i through inverter lamp 
2206 associated with key 2204, to battery and lamp 
2206 lights to indicate to the instructor that the & ; 
inverter key at the fight engineer's station has 
been operated. Relay 3298 at its lower contacts 
establishes a circuit from ground on bus bar GB 
to battery through the winding of relays 32 and 
322 in parallel and over, conductor 25 ex 
tending through cable 2758 to battery through 
the winding of relay 49 at the pilot's station, 
Fig. 14. 
At its upper No. 6 contacts relay 322 completes 

the connection of the source of 400-cycle 33-volt is: 
current of source 323 to the bus bars 40C and 
400G for supplying operating current to the in 
StrumentS on the flight engineer's, pilot's, co 
pilot's navigator's instrument panels. At the 
pilot's station the operation of relay 49 connects 
the outside terminals of the stator windings of 
the "magnesyns' which operate the remote read 
ing magnetic compasses 42 and 529, to the 
bus bars 400C and 43G. Over their other con 
tacts, relays 32 and 322 associate the stator 
windings of the receiving autosyns which operate 
the instruments 2884 to 23 , inclusive, on the 
fight engineer's instrument panel, Fig. 28, with 
the stator windings of the transmitting autosyns 
associated with the motor control circuits dis 
closed in Figs. 36, 37, 41, 42, 46 and 57. 
At this time all other aimps at the instructor's 

desk are unlighted since the closure of the other 
circuit breakers at the fight engineer's station, 
not hereinbefore specifically identified, has re 

f75 and 36 whereby the : 

thereby causing the : 

: 

5 

... 

4. 
Sulted in the operation of their associated relays 
and the opening of the lamp circuits at the in 
Structor's desk controlled thereby. For example, 
the closure of circuit, breaker 333 of Fig. 33 
caused the operation of the associated boarding 
and anchor lights relay 35 which at its upper 
back contact opens the circuit extending from 
ground thereovel, over conductor 336 of cable 
3393 to battery through the boarding and anchor 
iight 206. W. 

Filtel tritnk Selection 

The flight engineer now closes switch 350i 
simulating the opening of the cabin heater fuel 
Supply valve on the fuel control panel, Fig. 35, 

, thereby establishing a circuit from ground over 
conductor 3532 of cable 35E) to battery through 
the cabin heater fuel lamp 2409 at the instruc 
tor's desk, Fig. 24, thereby lighting such lamp. 
SWitch. 353 is next closed to simulate the opening 
of the auxiliary power plant fuel supply valve 
thereby operating relay 3504 to establish a cir 
cuit over conductor 3535 of cable 35 to battery 
through the auxiliary power plant fuel supply 
lamp 24 at the instructor's desk, thereby light 
ing such aip. Switches 3536 and 35G are now 
moved to their ST positions to simulate the op 
eration of the left and right engine fuel valves 
to control the initial supply of fuel to the main 
engines froin the right and left Wing or Service 
tanks. With the Switches in these positions LST 
and RSS relays S588 and 3599 are operated to 
connect ground to conductors 358 and 35 f of 
cable 353 thereby causing the lighting of lamps 
24, and 252 at the instructor's desk to indicate 
that the left and right wing or service tanks are 
being used. In addition, relays 358 and 3509 
establish circuits for operating the right and left 
fue relays 359 and 352. The circuit of relay 
35i is nay be traced from battery through its 
winding, over the inner lower contacts of relay 
353, over the normal contacts of RTP? relay 
352 over the lower contacts of relay 3509 and 
conductor 3523 of cable 350 to ground over the 
contacts of the right wing or service fuel quantity 
control SWitch 24 at the instrugstor's desk. The 
circuit of relay 3528 may be traced from battery 
through its Winding, over the inner lower con 
tacts of relay 358, over the norial contacts of 
iP relay 3523, over the lower contacts of relay 

359 and conductor 3524 of cable 3550 to ground 
oyer contacts of the left wing or Service fuel 
Caltity control switch 24 at the instructor's 
desk. Switches 24 and 2s are closed until 
the instructor decides to simulate the empty con 
dition of the light and left wing or service tanks 
by turning the knobs 2405 and 2404. 
With the left and right Service tanks both full, 

LTP relay 35 2 is operated over a circuit extend 
ince from hattery through its winding over con 
ductor 3535 of cable 3500, over closed contacts 
232 of the left Wing or service fuel quantity con 
trol switch, over conductor 3534 of cable 3500, 
cyer the lower contacts of FT relay 3339, operated 
1:pon the previous closure of circuit breaker 3340, 
to ground on bus bar GB. A similar circuit is also 
closed for RTP relay 353 extending from battery 
through its winding over conductor 358 f of cable 
35C2, over closed contacts 2422 of the right wing 
(Yr service tank control switch, over conductor 
3534 of cable. 35 and thence as traced to ground, 

- Relays 352 and 3543 both operate, relay 352 
upon operating opening at its back contact the 
circuit of the left fuel transfer pump dry lamp 
35A, and relay 353 upon operating opening at its 
back contact the circuit of the right fuel transfer 
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pump dry lamp 355. Over their upper front 
contacts relays 352 and 353 establish circuits 
for LTP i relay 3523 and RTP relay 352 extend 
ing over the inner upper front contacts of FH 
relay 3536 and the upper front contacts of FH 
relay 3536 to ground, as soon as FH relay 3538 
operates as will be presently described. With 
relays 352 and 3523 now operated, relays 359 
and 3520 are locked operated over the alternate 
contacts of relays 352 and 3523 independent of 
the control Switches at the instructor's desk. 
Switch 356 is now moved to its FH position 

() 

to simulate the operation of the hull tank Selector 
valve to select the forward hull tank whereupon 
relay 35.36 is operated to connect ground to con 
ductor 3537 of cable 3500 thereby causing the 
lighting of lamp 2423 at the instructor's desk to 
indicate that the forward hull tank has been 
selected for use. Relay 3536 upon operating 
establishes a circuit from battery through the 
winding of FH relay 3547, over the lower contacts 
of relay 3536 and conductor 3546 of cable 3500 to 
ground over contact 2429 of the fuel quantity 
forward hull tank fuel quantity control switch 
at the instructor's desk, which contacts are closed 
so long as the forward hull tank is assumed to be 
full. With relay 3547 now operated the previ 
ously traced circuits for relays 352? and 3523 are 
completed and locking circuits are closed for 
relays 3512 and 3513 extending from battery 
through the windings of relays 352 and 353, 
over the lower contacts of relay 3547 and over 
conductor 3534 to ground over the lower contacts 
of FT relay 3339 which operated upon the closure 
of circuit breaker 3340. 

Fuel miacture control 

The fight engineer next operates the switches 
on the engine control panel disclosed in the upper 
left portion of Fig. 29. For starting the main 
engines the carburetor control switches 294 and 
295 are operated to their direct air positions 
thereby establishing circuits from ground over 
their lower contacts and conductors 285i and 2852 
of cable 2850 for the direct carburetor air tem 
perature indicating lamps 2206 and 220 at the 
instructor's desk, Fig. 22. Mixture control 
SWitches 296 and 297 on the fight engineer's 
instrument control panel are also operated to 
their lower or rich positions thereby establishing 
circuits from ground over the upper contacts of 
switches 2925 and 2926, over the lower contacts 
of SWitches 296 and 297 and conductors 2853 
and 2854 of cable 2850 for the rich mixture Con 
trol indicating lamps 2208 and 2209 at the instruc 
tor's desk. Supercharger speed switches 298 and 
29 9 on the flight engineer's engine control panel 
are also operated to their low speed positions 
thereby establishing circuits from ground over 
their upper contacts and conductors 2855 and 
2856 of cable 2850 for the low speed supercharger 
control indicating lamps 220 and 22 at the 
instructor's desk. 

Preparation of temperature indicating 
im Struments 

. The fight engineer now operates keys 2800 to 
2803, inclusive, associated with the auxiliary 
power plant oil temperature, the outside air tem 
perature and the left and right engine oil tem 
perature indicating instruments, and with ground 
connected to conductor 3440, as previously de 
scribed, circuits are established over the contacts 
of such keys and conductors 289, 2820, 282 and 
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2822 to battery through the windings of relays 
2920, 292 and 2922 and 2923, respectively. 
. . It will be recalled that battery power was ap 
plied to the trainer in response to the closure of 
circuit breaker 30. With the power on, control 
circuits are conditioned for operating the indica 
tors 28 2, 283, 281T and 288 on the flight en 
gineer's instrument panel, Fig. 28. A circuit is 
established from battery through the winding of 
rheostat OTR, Fig. 25, to ground, and in parallel 
therewith from battery, through resistance 2509, 
over conductor 250, through the winding of al 
timeter potentiometer AP5 of the altimeter motor 
control circuit of Fig. 12 and through resistance 
262 to ground. A circuit is also established from 
ground through the winding of rheostat 230 in 
parallel with resistance 2302 at the instructor's 
desk, Fig. 23, over conductor 2304, through the 
winding of the auxiliary power plant oil tempera 
ture rheostat 3600 to battery. A further circuit 
is established from ground through the winding 
of the right engine oil temperature rheostat 230 
in parallel with resistance 2307 over conductor 
576 of cable 5700 through the winding of the oil 
temperature potentiometer 4625 associated with 
the engine cylinder, oil and temperature motor 
circuit of Fig. 46 to battery. A further circuit is 
established from ground through the winding of 
the left engine oil temperature rheostat 230 in 
parallel with resistance 23, over conductor 460 
of cable 4600, through the winding of the oil tem 
perature potentiometer associated with the left 
engine cylinder oil and temperature motor con 
trol circuit similar to that for the right engine 
and represented by the box 4.650 of Fig. 46. 
With the cutside air temperature rheostat OTR 

of Fig. 25 at the instructor's desk Set for an out 
side air temperature of --15 C. and the brush 
of the potentioneter AP5 of the altimeter motor 
control circuit of Fig. 12 positioned to indicate 
that the airplane has not yet left the water, cur 
rent flows over the circuit extending from the 
brush of rheostat OTR of Fig. 25, over the rheo 
stat AR, through the indicating meter OT, con 
ductor 230 of cables 2300 and 2850, over alternate 
contacts of relay 292, conductor 2823, through 
the air temperature indicator 283 on the flight 
engineer's instrument panel, conductor 2955 of 
cable 2950, normal contacts of relay 52 at the 
co-pilot's station, through resistance 522, over 
conductor f 523 and to the brush of altimeter 
potentiometer AP5, Fig. 12, resulting in the opera 
tion of the indicator OT at the instructor's desk 
and indicator 283 at the flight engineer's instru 
ment panel to indicate a temperature of -15 C. 
With the rheostat 230 set at normal, the op 

eration of relay 2920 establishes a circuit from 
the brush of rheostat 230, through resistance 
2803, through the auxiliary power plant oil tem 
perature indicator APPO, conductor 2305 of 
cables 2300 and 285), over the alternate contacts 
of relay 2929, conductor 2824, through the aux 
iliary power plant oil temperature indicator 28 f2 
on the fight engineer's instrument panel and 
over conductor 2825 to the brush of the auxiliary 
power plant oil temperature potentiometer 3600 
in preparation for the operation of indicator 
APPO at the instructor's desk and indicator 282 
at the flight engineer's instrument panel to indi 
cate the oil temperature. m 
With rheostat 2306 also set at normal, the op 

eration of relay 2923 establishes a circuit from 
the brush of rheostat 2306, through the right 
engine oil temperature indicator 2308, over con 
ductor 2309 of cables 2300 and 2850, through the 
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right engine oil temperature indicator 288 on the 
fiight engineer's instrument panel, over conduc 
tor 2826, Over the alternate contacts of relay 2923 
and conductor 2924 to the brush of the right 
engine oil temperature potentiometer 325 in 
preparation for the operation of indicator 238 
at the instructor's desk and indicator 28 8 on the 
flight engineer's instrument panel to indicate the 
oil temperature. 
With rheostat 23 also Set at normal, the op 

eration of relay 2922 establishes a circuit from 
the brush of rheostat 230, through the left engine 
oil temperature indicator 232, over conductor 
233 of cables 230 and 2850, through the left 
engine oil temperature indicator 287 on the flight 
engineer's irastrument panel, over conductor 262, 
over the alternate contacts of relay 2922 and con 
ductor 925 to the brush of the left engine oil 
tenperature potentilometer (not shown) but in 
cluded in the apparatus represented by the box 
65, in preparation for the operation of indi 

cator 32 at the instructor's desk and indicator 
38 !" oin the filight engineer's instrument panel 
to indicate the oil temperature. 
The fight engineer now momentarily depresses 

the warning light test Switch 337 and since the 
circuit breaker 338 has been previously closed re 
Sulting in the operation of fuel level warning re 
lay 339 a circuit is established from ground on 
bUS bal G3, Over the lower contactS Of relay 33 j9, 
over contacts of key 33 and through the wind 
ing of fuel test relay 3320 to battery. Relay 3320 
Tipon operating establishes cii"Cuits over conduc 
tors of cable 332 to battery through the seven 
low level indicating lamps of the group 2828, Fig. 
28; in parallel therewith over conductors of cable 
338 to battery through the low fuel indicating 
lamps of the group 80 at the pilot's pedestal and 
also in parallel therewith over conductors of 
cable 3388 to battery through lamps LW, RW, 
FH, CH, RH, RBB and LBB associated with the 
fuel quantity controls, Figs. 24 and 26, at the in 
structor's desk. These lamps at the flight engi 
meer's station, pilot's Station and at the instruc 
tGr's desk alre all inomentarily lighted. With 
relay 339 operated a circuit is also closed over 
Co?nductOr 333? Of Cable 33?? through the Wind 
ing of relay 2609 which operates to prepare cir 
cuits for low fuel lamps. 

Fuel and oil quantity check 
The flight engineer now checks the fuel quan 

tity by operating the selector switch 2829 as 
sociated with the fuel quantity indicator 283 
mounted. On the flight engineer's instrument 
panel. This indicator may be of the so-called 
“liquidonineter' type. The operation of the switch 
2329 connects the indicator successively with the 
conductors of cable 2830 extending to the fuel 
quantity controls, Figs. 24 and 26, at the instruc 
tol's desk. For example, when the selector is set 
upon the first terminal of its arc the indicator 
283 is connected over conductor 2832 of cable 
336 to the brush of the rheostat 2604. If the aft 

huli tank is full as it shouid be at the start of the 
fight the brush of rheostat 2604 Will have been 
set, to the full position through the operation of 
the setting knob 2602 by the instructor. The 
indicator 233 should show each tank to be full 
as the selector switch 2829 is operated from posi 
tion to position. 
The flight engineer then proceeds to check the 

oil quantity by operating the oil quantity switch 
down and then up. In the down position a circuit 
is established from battery through resistance 
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2834, over contacts of switch 2849, through the 
oil quantity indicator 2833, Over other contacts of 
switch 2849 and conductor 2836 of cable 2830 to 
the brush of rheostat 244. If the oil tank for the 
right engine is full as it should be at the Start 
of the flight, the brush of rheostat 244 Will have 
been set to the full position through the Operation 
of the setting knob 2408 by the instructor. In the 
up position of the Switch 2849 a circuit is estab 
lished from battery through resistance 2835, over 
contacts of Switch 2849, through the indicator 
2833, over other contacts of SWitch 2849 and con 
ductor 2837 of cable 283) to the brush of rheostat 
245. If the oil tank for the left engine is full 
the brush of rheostat 245 Will have been set to 
the full position through the Operation of the 
setting knob 2409 by the instructor. 

Cylinder temperature indicator check 
With battery power applied to the trainer in 

response to the closure of circuit breaker 36 
the auxiliary power plant cylinder temperature 
indicator 2838 and the dual indicator 2839 for 
indicating the cylinder temperatures of the main 
engines, disclosed in Fig. 28, are conditioned for 
Operation. A circuit is established from ground 
through the Winding of auxiliary power plant cyl 
inder temperature rheostat 23 i 4 at the instruc 
tor's desk, Fig. 23, Over conductor 23í5, through 
resistance 36 U2 and through the Winding of poten 
tiometer 36 Uf of the auxiliary power plant motor 
control circuit and through resistance 36 U3 to 
ground and through resistance 3669 to battery 
and ground. A circuit is also established from 
ground through the winding of the right engine 
cylinder temperature rheostat 23 f 8 at the instruc 
tor's desk, Flg. 23, over conductor 5: 62 of cable 
500 to battery, and in parallel with the rheostat 
23 8 from ground through resistance 4628, 
through the winding of the right engine cylinder 
temperature rheostat 4626 and resistance 4627 at 
the right engine cylinder, oil and temperature 
motor control circuit of Fig. 46. A further cir 
cuit is also established from ground through the 

5 winding of left engine cylinder temperature rheo 
Stat 2322 at the instructor's desk, Fig. 23, over 
conductor 4662 of cable 4600, to battery at the 
left engine cylinder, oil and temperature motor 
control circuit represented by the box 4.650, Fig. 

50 46, and in parallel with the rheostat 2322 through 
the left engine cylinder temperature rheostat 
Corresponding to rheostat 4626. 

It being aSSumed that the cylinder temperature 
rheostats 234, 23 i 8 and 2322 are set at normal, 

55 a circuit is therefore effective from the brush of 
rheostat 23 | 4, through resistance 23 i 6, through 
the auxiliary power plant cylinder temperature 
indicator 23i, over conductor 23 9 of cables 2300 
and 2850, through the auxiliary power plant cyl 

60 inder temperature indicator 2838 and over con 
ductor 2840 to the brush of the auxiliary power 
plant cylinder temperature potentiometer 360 t, 
Fig. 36, in preparation for the operation of the 
indicator 23ii at the instructor's desk and indi 

65 cator 2838 on the flight engineer's instrument 
panel to indicate the cylinder temperature. 
A circuit is also effective from the brush of 

rheostat 238, through resistance 2320, through 
the right engine cylinder temperature indicator 

70 of the dual instrument 232, over conductor 2323 
of cables 2309 and 2853, through the right engine 
cylinder temperature indicator of dual instru 
ment 2839 on the fight engineer's instrument 
panel and over conductor 284 to the brush of 

5 the right engine cylinder temperature potenti 
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oineter 326 of Fig. 46, and a circuit is effective 
froin the brush of rheostat 2322, through resist 
ance 232, through the left engine cylinder ten 
perature indicator of the dual instruinent 232i, 
over conductor 2S25 of cables 230 and 285, 
through the left engine cylinder tenperature 
indicator of dual instrument 2839 and over cOn 
ductor 28,2 to the brush of the left eingine Cylin 
der teiperature potentiometer correspondiing tO 
potenticineter 4825 and included in the apparatus 
indicated by the box $653. As a result the dual 
indicator 232 at the instructor's desk and the 
dilua indicator 3833 om time fiight engineer'S instru 
inent panel are prepared to indicate cylinder ten 
geratures for the right and left engilles. 

Starting the autciliary pouder plani 
To start the auxiliary power plant the flight 

engineer first turns the voltmeter Selector SWitch 
Fig. 31, to the APPG terminal thereby 

establisining a circuit froni ground through the 
switch and the winding of WAPP relay 309 to 
lattery. Relay, 3:39 upon operating connects 
ground to conductor 33 of cable 3 OC, through 
the auxiliary power plant voltmeter lamp 222, 
Fig. 22, at the instructor's desk. The auxiliary 
Þower plant ignition Switch 3 í í ! is next Operated, 
establishing a circuit froin ground thereoVeit, Over 
coinductor 32 of cable 3 CO to battery through 
the auxiliary power plant ignition-on lamp 22 3, 
Fig. 22, at the instructor's desk. The fight engi 
neer next operates the non-locking auxiliary 
power plant start, key 35 thereby Operating 
STO relay 3 6, which over its upper contacts 
establishes a circuit over conductor 3 of cable 
333 to light the auxiliary power plant Starter-On 
lain p 22 4 at the instructor's desk, and With 
COAPP relay 39 operated through the previous 
operation of circuit bireaker 3, 8, to close the cil"- 
cuit of STO relay 3.25. Relay 3:20 over its upper 
contacts closes the heater circuit for timing tule 
32 . If the flight engineer holds the Start key 
3 5 closed for approximately 6 Seconds Or an 
interval which should be sufficient to start the 
auxilially power plant, the filament of timing tube 
3:2 will become sufficiently heated to render the 
tube conducting to cause the operation of EST 
relay 322 over its cathode-anode circuit. With 
relay 322 operated a circuit is established fron 
ground over the ignition key 3 í í, conductor 3 il 3, 
over the lower contacts of previously operated 
AFPP relay 3504, conductor 3 4, lower contacts of 
relay 320, contacts of relay 322 through the 
wiinding of EST relay 3123 to battery. Relay 3123 
upon operating locks over its inner lower contacts 
to ground applied to conductor 34 over the Con 
tacts of the ignition key 3 , connectS ground 
over its inner upper contacts and conductor 324 
of cable 3 C through the auxiliary power plant 
starter-run lamp 2215 at the instructor's desk to 
indicate that the auxiliary power plant is running. 
At its lower contacts relay 3123 establishes a 

circuit for APPG relay 325 extending from bat 
tery through its winding, over the lower contacts 
of relay 323 and Over conductor 3f26 of cable 
350 to ground over the contacts of auxiliary 
power plant generator key 2200 at the instructor's 
desk. With BS and WAPP relays 302 and 3:09 
previously operated, relay 3:25 establishes a cir 
cuit from battery through the voltmeter WM on 
the flight engineer's power control panel, Fig. 31, 
over the upper contacts of relay 309, over this 
upper contacts of relay 325, over the upper back 
contact of APPSW relay 328 to ground Over the 
inner upper contacts of relay. 325, and in parallel 
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with voltmeter WM over conductors 348 and 3 9 
of cable 300 through voltmeter 223 at the in 
structor's desk, resulting in the operation of VClt 
imeters VM and 223 to read 27 volts, or the O 
tential being applied to the starter motor of the 
auxiliary power plant. A circuit is also closed 
from ground through the battery annineter S 29 
on the flight engineer's power control panel, 
through resistances 334 and 3 30, over conduc 
tor. 33 of cable 300, through the battery an 
meter 22 || 6 at the instructor’s desk, tillroigli rhe 
Ostat 22 | 1 and resistance 22 8 to battery. These 
ammeters through the adjustment of tille rheo 
stat 22 should read -25 amperes indicating 
that in the simulation of the starting of the 
auxiliary power plant a current of 25 aileres is 
being drawn from the storage battery by the 
starting motor. 
The flight engineer also operates the atl Xiliary 

power plant generator key 327 thereby causing 
the operation of APPSW relay 32. Over itS im 
ner lower contacts relay 328 establishes a cil 
cuit from ground on bus bar GE, over Sicii con 
tacts and conductor 346 of cable 3) to battery 
through the auxiliary power plant generati: amp 
2229 at the instructor's desk. With relay 32i. 
operated the shunt of 100 ohms resistance 3 33 
is removed at its upper contacts whereby the 
circuit for voltmeter WM may be traced from 
battery therethrough over the upper contacts of 
relay 309, the upper contacts or relay 325, 
through resistance 3 || 33 and the tipper fi'Oni, 
contact of relay 328 to ground on bus bar G3 
and in parallel with voltmeter VM OVer COndit 
tors 348 and 349 of cable 300 through volt 
nineter 223 at the instructor's desk. The Voit 
meter readings are now reduced to 24 Volts indi 
cating that the operation of the starting 'notC 
has reduced the storage battery Voltage. Eelay 
328 also establishes a shunt around resistance 
330 whereupon a circuit is effective f"Oil grouili: 
through the battery ammeter 329, through re 
sistance 334, over the lower front contact of 'e- 
lay 3102, the lower front contact of relay 32, 

front contact of relay 35, and thence as ti are: 
through the battely amneter 22f 6 and lattery 
at the instructor's desk whereupon the alnrieter; 
329 and 226 are now caused to read -3 aii 
peres or the current input from the auxiliary 
power plant to the storage battery. Relay 3:2 
also estabilishes a circuit from ground CVer tie in 
ner upper contacts of relay328, through the auX 
iliary power plant generator animeter 335, inner 

5 lower contacts of relay 325, coinductol 33 of 
cable 300, through the auxiliary power plant 
generator ammeter 2297 at the instructor's desk, 
through resistances 2298 and 2219 and rheosta. 
2220 to battery, resulting in the operation of an 
meters 335 and 227 to read --55 anpeires O' the 
simulated output of the auxiliary power plant 
generator. 

Relay 323 also at its upper contacts establishes 
a circuit from ground thereover, over conductO' 

5 332 through the winding of start relay 3604 of 
the auxiliary engine oil preSSre, cylinder aid Cii 
temperature motor control circuit of Fig. 30. 
The field winding of motor 303 is einergized by 
current impressed thereon from the phase (p, 
portion of Secondary Winding of the pOver trans 
former T36 and, with relay 3604 energized, the 
rotor circuit of motor 3605 is now energized Over 
a circuit from ground through the Ctor and re 
sistance 3606, over the normally closed contacts 
of limit switch 360, Over the back contact of 
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relay 3608, the upper back contact of relay 3609, 
the lower No. 2 contacts of relay 3604, over the 
back contact of DOP relay 360 and through the 
left phase p2 portion of the secondary winding 
of transformer T36. Motor 3605 now operates in 
such a direction as, through the reduction gear 
box 36. , to rotate the shaft 362 in a counter 
clockwise direction to rotate the rotor of the 
autoSyn transmitter 363 and the Operating cams 
of the limit Switch 360 and 365 and the can 
of intermediate Switch 364. The stator of auto 
Syn 36 i 3 is energized from the 400-cycle 33-volt 
source of aiternating current, two of the Stator 
windings of which are coupled over the two con 
ductors of cable 36f 6 with the stator winding of 
receiving autosyn. 2356 at the instructor's desk 
and over a, branch of such cable, the upper NOS. 2 
and 3 contacts of relay 322 and the conductors 
of cable 32 í 4 with two of the stator windings of 
receiving autosyn 2843 at the flight engineer's 
station. The tihird windings of these autosyns 
are interconnected through their connection to 
the grounded supply leads from the 400-cycle 
Source of current. The rotors of the receiving 
autosyns 2356 and 2843 are also energized aS 
previously described from the 400-cycle bus bars 
40C and ACG. 
After an interval of approximately 8 Seconds 

the rotor of transmitting autosyn 363 Will have 
rotated and caused the Synchronous rotation of 
the rotors of receiving autosyns 2356 and 2343 
to move the pointers of the associated oil pres 
Sure indicators 2357 and 280 to indicate a simu 
lated oil pressure of approximately 200 pounds 
at the auxiliary power plant. W 
Start relay 3664 upon operating also establishes 

a circuit from ground over its upper No. 1 part 
contact over the contacts of limit switch 36 
through the left shaded pole winding 368 of 
motor 3620 to ground. Since the main stator 
Winding 369 of the motor is energized from the 
115-volt, 60-cycle source, motor 362C which is of 
the reversible shaded pole type, through the re 
duction gear box 362, drives shaft 3622 in a 
clockwise direction thereby moving the brushes 
of rheostats 3S and 360 to Ward their No. 1 ter 
minals. After an interval of approximately tWO 
minutes, the brushes Will have been moved to 
an extent sufficient to increase the current fiOW 
ing over conductor 2825 through the auxiliary 
pOWer plant Oil temperature indicator APPO at 
the instructor's desk and indicator 282 at the 
engineer's instrument panel Whereby Such in 
dicators indicate a rise in the oil temperature 
from -15° C. to -25 C. and to increase the 
Current foWing over conductor 280 through the 
auxiliary power plant cylinder temperature in 
dicator 23 li at the instructor's desk and indi 
cato 2836 at the engineer's instrumenti panei 
Whereby Such indicators indicate a rise in the 
cylinder temperature from -15° C. to -100° C. 
After the two-minute interval, the temperature 
SWitch TC closes to establish a circuit from 
ground over the upper No. 2 contacts of relay 
36G, over the contacts of Switch TC through the 
Winding of T relay 3608 to battery. The motor 
3620 continues in operation until the limit SWitch 
36 is operated by the can on the shaft 3622 to 
Open the circuit through the shaded pole Windi 
ing 368 whereupon the motor connes to rest. 

Relay 368 upon Operating locks over its upper 
Contacts to ground over the upper contacts of 
relay 3664, opens the rotor circuit previously 
traced for motor 3605 and establishes a new ro 
tor circuit which may be traced from ground 
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through the rotor, through the resistance 3606, 
the lower front contact of relay 3608, the low 
er baCk COntact of NP relay 3609, the upper back 
cOntact of OP relay 3623, through resistance 
362.5i and through the right phase p portion of 
the Secondary Winding of transformer T36. Mo 
tOr 365 is now driven at a Slower Speed because 
of the inclusion of resistance 3624 in its rotor 
circuit and in the reverse direction. Whereupon 
the reverse operation of the rotor of autosyn 
trainSnitter 363 causes the oil preSSure indical 
tors 235 and 280 at the instructor's desk and 
the engineer's instrument panel to indicate a 
decreasing oil pressure until after about two nin 
utes such indicators will indicate an oil pressure 
of about 60 pounds. At this time intermedi 
ate switch 364 is operated by the motor 365 
and, since at this time relay 3608 is operated, a 
circuit is established from ground over the upper 
contactS of relay 3604, over the upper contacts 
of relay 3608, Over the contacts of Switch 364 
and through the Winding of normal pressure 
relay 3609 to battery. Relay 3609 upon operat 
ing locks over its lower front contact under the 
control of Start relay 3604 and at its ower back 
contact opens the rotor circuit of motor 365 
Which connes to rest. The simulated Starting and 
running of the auxiliary power plant is now com 
pleted and the simulated oil pressure, oil tem 
perature and cylinder temperature thereof under 
C'iali running coditions are indicated at both 

the instructor's desk and at the flight engineer's 
instrument panel. 

Starting the main engines 

The pilot preparatory to starting the main 
engines Operates the instrument light switch 

, Fig. 17, thereby operating relay 72 to 
light the fiuorescent instrument panel lights 
If 3 and operates the lower and upper panel 
light rheostats i 70 and i 702 to the “on” posi 
tion and then adjusts them to light the lamps 

3 and 4 to the desired brightness and then 
checks to See that all other light SWitches are 

The pilot then momen 
tarily operates the fuel light test switch 8 
thereby establishing a circuit from battery 
through the winding of FLT relay 3320, over con 
ductor 338 of cable 3380, over the contacts of 
key i 8 i 1, conductor 3382 of cable 3386 and ovei. 
the lower contacts of FLW relay 33 9 to ground 
On bus bar GB. Relay 3320 thereupon operates 
and, in the manner previously described in con 
nection with the operation of the flight engineer's 
Warning light test Switch 337, lights all of the 
low level fuel lamps 80 on the pilot's pedestal 
and the low fuel lamps 2828 at the fight engi 
ineer'S Station. 
At the copilot's instrument panel the flap and 

air indicator keys 74 and T5 are operated 
to their “on' positions. The operation of key 

7 establishes a circuit from ground on bus 
bar GB, over the lower contacts of FP relay 3322 
Operated through the closure of circuit breaker 
3.323, conductor 3383 of cable 3380, contacts of 
key 7 í 4 and over conductor 7 i 6 through the 
winding of relay 524 to battery for rendering 
the Wing flaps indicator f 525 operable. The Op 
eration of key 5 establishes a circuit from 
ground. On bus bar GB, over the lower contacts 
of AT relay 3324 operated in response to the clo 
Sure of circuit breaker 3325, over conductor 3384 
of cable.3380, contacts of key 75 and over con 
ductor. 77 through the winding of relay 52 to 

s battery for connecting the pilot's air temperature 
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indicator 526 in place of resistance 522 in the 
circuit previously traced. 

Before Simulating the Starting of the main 
cgines the pilot places the right and left pro 
peller governor controls 302 and 30 3 Cf the 
Overhead equipment adjacent the pilot's and 
copilot's stations, in the maximum R. P. M. in 
Ci'ease positionS thereby moving the Similar over 
i.ead equipment (not shown) adjacent to the 
fight engineer's station into the same positions; 
pushes the ignition Switch 34 in; closes the 
light and left ignition keys 305 and 396 to 
the BOTH closed positions as indicated in Fig. 
30; operates the right and left throttles to their 
extreme lower or closed positions in which the 
brushes of the rheostats 30 ! TR, 350 i 8R, 30 19R. 
controlled by the right engine throtte and the 
brushes of the rheostats 307, 30 3L and 39 | 9 
controlled by the left engine throttle are aii 
noved to the lower C terminals of their Wind 
ings, and whereby the throtties (not shown) posi 
tioned adjacent to the ilight engineer's Station 
are simultaneously noved; checks to see that 
he right and left propeller contro Safety 

Switches E2 and i8 i3 are closed thereby operat 
ing the associated relayS 8 4 and f8 , 5; op 
erates the right and left propelle control 
Switches 816 and 8 to their upper or auto 
natic positions and checks to see that the Switches 
i8 8 and 89 are in their "on' positions. 
With the ignition key 306 operated to the 

BOTH position, indicating that both the right, 
a.ind left magnetOS are to be used in starting the 
right engine, circuits over conductors 550 and 
562 of cable 5600 to the left terminals of the 
Windings of the right and left ignition relays 
533 and 5604 associated with the right engine 
control circuit of Fig. 56 are opened thereby 
reliloving Shunts from Such relays which there 
upon operate. Relay 5603 operates over a cir 
cuit from battery through resistance 5695 to 
ground through itS Winding and relay 5604 op 
erates over a circuit from battery through re 
sistance 666 to ground through its winding. 
With these relayS. both operated a circuit is 
established from ground over their inner upper 
contacts, conductor 5607 of cable 5600 to battery 
through the right engine ignition lain p 258 
at the instructor's desk which thereupon lights 
to indicate that an ignition circuit has been 
established for the right engine. With ignition 
key 3 operated to the BOH position circuits 
are closed over conductOTS 4.5 and 450 of cable 

5. Wisereupon relays of the engine control cir 
cuit for the eft engine COrresporading to re 
lays 583 and 5604 are operated to in turn close 
à circuit over conductor 450 of Cable 4500 for 
lighting the left engine ignition lamp 25f 9 at the 
instructor's desk Which thereupon lights to indi 
cate that an ignition circuit haS been established 
for the left engine, 
With the light propeller control switch 86 

closed in its upper or automatic position a cir 
cuit is established from ground over conductor 
335, over the lower contacts of relay 84, 
Switch 88, switch 86, conductor 5608 of cabie 
563 to battery through the Winding of AUT 
relay 5639, Relay 5609 upon operating removes 
gold at its upper contact from conductor 432 
thereby ireleasing relay 4320 in the R. P. M. 
heinoly notor control circuit, Fig. 43, for the 

right engine for permitting the motor M43 of 
that circuit to be Subsequently operated and at 
its lower back contact opens. the circuit of relay 
5610 which operated when battery power was 
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connected to the trainer by the fight engineer, 
whereupon relay 588 now releases and over its 
lower No. 1 back contact connects ground to 
co; ?ilictor 56 of cable 5600 thereby complet 
ing the circuit through the right propeller-auto 
matic lamp 2 at the instructor's desk, such 
lamp lighting to indicate that the propeller 
itch control for the right engine has been 

placed on the automatic setting. With the left 
propeller control Switch 8 ft operated to the 
upper or automatic position relays similar to 
relays 5609 and 560 are controlled in the engine 
control circuit for the left engine whereby the 
R. P. M. nenoy motor control circuit for the 
left engine is conditioned for operation and a 
circuit is established over conductor 5 of cable 
4500 for iighting the left propeller-automatic 
lamp 2 GO at the instructor's desk, Fig. 20. 
The flight engineer, to Simulate the starting of 

the right eigine, now operates the right engine 
start key 348 i to its left or 'on' position for 
approximately twelve Seconds thereby establish 
ing a circuit fiOil ground Over the left contact of 
key 36, conductor 3442 to battery through the 
winding of STC : relay 562. Relay 56 2 there 
upon Operates establishing a circuit over its upper 
contacts and conductor 563 of cable 5600 to bat 
tery through the right engine starter-on lamp 
222 at the instructor's desk which remains 
ighed so long as the key 344 i is held in the start 
position to indicate that the Simuliated inertia 
starter is being brought up to the required Speed. 
Relay 562 also establishes a circuit for STO re 
lay 564 which may be traced from battery 
through its Winding over the lower contacts of 
relay 552, conductor 569, over the front con 
tact of main engine Start relay 3443 to ground 
on bus bar GB, relay 3445 being operated in re 
sponse to the closure of circuit breaker 3446 by 
the fight engineer. Relay 564 upon Operating 
closes the fianent heating circuit for the timing 
tube TT. After an interval of approximately 
tWelve Seconds the filament Will become Sufi 
ciently heated to calise the tube TT to conduct 
and establish the circuit of STW relay 56 5 over 
a circuit fron anode battery over the anode 
cathode path through the tube, through the wind 
ing of relay 56 í 5 to ground at the back contact 
of EST relay 56 | S. 

After the expiration of approximately twelve 
seconds the flight engineer operates the key 344 
to its right or nesh position and at the Sane 
time operates the right engine priming key 3443, 
it being assumed that the starting of a cold en 
gine is being sinulated. The Operation of key 
3443 establishes a circuit from ground thereover, 
over conductor 344 and through the winding of 
PRM relay 5S: I. Relay 56 il upon operating 
establishes a circuit from ground over its upper 
contacts, conductor S68 of cable 5600 to the 
right engine primer lamp 2222 to battery for 
indicating to the instructor that the primer 
SWitch for the right engine has been closed. Relay 
56 also establishes a circuit from ground over 
conductor 569, over itSlower contacts, over con 
ductor 562, the lower contacts of right fuel re 
lay 359 and over conductor 562 through the 
winding of PRM relay 5622 to battery thereby 
operating relay 5622. 

Relay 5622 upon operating establishes a control 
circuit for the Tight, engine fue flow motor Con 
trol cil'cuit of Fig. 37 since fuel Will be consumed 
in priming the engine and in Operating it under 
the control of the inertia starter. This circuit 
may be traced from a point between resistances 
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5645 and 5646, which are connected in series be 
tween the bus bar 40p and ground, over the lower 
front contact of PRM relay 5622, over conductor 
5647, through resistance 4802 and conductor 483 
to the input of amplifier tube 3700 of the fuel flow 
motor control circuit. This potential is amplified 
by tube 30, is rectified by tube 3703, and is in 
pressed upon the control grids of tubes 304 and 
3705. As a result, tube 305 fires but tube 3 C, 
does not and the RV and RW? relays 30 and 
307 do not operate and the motor M37 is oper 
atted to rotate shaft 3 at a slow speed in one 
direction of rotation and through the unity ratio 
bevel gears 48 to rotate the shaft 480 in Such 
a direction as to move the brush of the potenti 
Ometer RFEP associated with Such shaft from 
the No. 1 toward the No. 3 terminal of its Wind 
ing. As soon as the brush of the balancing po 
tentiometer RFFP has moved to a position. Such 
that the potential of phase p2 supplied thereover 
balances the control potential of phase p if the 
motor M37 comes to rest. Potential of phase (p2 
is supplied from bus bar 40p.2 over resistance 484 
through the winding of potentiometer RFFP to 
ground. The movement of shaft 370 will be only 
slight at this time as the rate of fuel consumption 
until the engine starts running is at a very slow 
rate. 
The shaft 370 upon rotating rotates the rotor 

of transmitting autosyn 3725, the rotor winding 
of Which is energized from the 400-cycle bus bars 
4 OCC and 400G and the stator windings of which 
are connected over conductors of Cable 326 With 
the stator windings of the receiving autosyn. 2328 
which drives the right unit of the dual fuel flow 
indicator 2329 at the instructor's desk. The rotor 
winding of the receiving autosyn is energized from 
the 4C and 40CG buS bars. The Stator Wind 
ings Of the transmitting autosyn 3725 are also 
connected over a branch of cable 326, over the 
lower Nos. 2 and 3 contacts of relay 322 and con 
ductors of cable 326 with the stator windings of 
the receiving autosyn. 2845 which drives the fuel 
flow indicator 286 mounted on the fight engi 
neer's instrument panel, Fig. 28. The rotor wind 
ing of this autoSyn, is energized from the 40C 
and 40G bus bars. These indicators 2329 and 
2806 now indicate the rate of fuel consumption 
during the time that the driving of the right en 
gine by the inertia starter is being simulated. 
With key 344 in the mesh position a circuit is 

established from ground over the right contacts 
of key 344 f, conductor 3448 and through the 
winding of STM2 relay 5623 to battery where 
upon relay 5623 Operates and connects ground 
over its upper contacts and conductor 5524 of 
cable 56 to battery through the right engine 
starter mesh indicating lamp 2223 at the instruc 
tor's desk. With relay 565 Operated after the 
expiration of the twelve-second interval, relay 
5623 also establishes a circuit for STM relay 
5625 over a circuit from battery through its Wind 
ing, over the contacts of relay 56 5 and the lower 
contacts of relay 5623 to ground on conductor 
569. Upon the operation of key 344 from the 
start position to the mesh position the circuit of 
STO relay 562 is opened and this relay releases 
STO relay 564. The release of relay 564 opens 
the filament heating circuit of tube TT and after 
the expiration of approximately twenty seconds 
tube TT ceases to conduct and STW relay 565 
releases, if it has not previously released. 

Relay 5625 establishes an obvious circuit over 
its lower No. 3 contacts for STM relay 5626. 
However, prior to its operation a circuit Was effec 
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tive for starting the motor of the manifold pres 
Sure motor control circuit of Fig. 41 extending 
from ground through resistance 5292, through 
potentionetter AP3 driven from the altimeter mo. 
tor Contro circuit (the Winding of Which potenti 
Ometer is energized Over a circuit from ground 
through resistance 5202, through resistance 5203 
and conductor 5204 from the bus bar 40p), 
thence over conductor 5205, over the upper No. 2 
back contact of FT, relay 564, the upper back 
contact of STM relay 5626, the lower back con 
tact of EST relay 5628 to the control conductor 
5842 of the manifold, preSSure motor contro cir 
cuit Of Fig. 41. The potential applied to Con 
ductor 5642 is amplified by an amplifier tube (not 
shown) but similar to tube 900 of Fig. 9, is recti 
fied by a tube (not shown) but similar to tube 
903 of Fig. 9 and is impressed upon the control 
grids of motor control tubes (not shown) but sin 
ilar to tubes 904 and 9 of Fig. 9. As a result the 
tube corresponding to tube 905 fires but the tube 
corresponding to tube 904 does not and the motor 
(not shown) is operated to rotate shaft 40 at a 
slow speed in one direction of rotation and 
through the unity ratio bevel gears 5200 to ro 
tate the shaft 520 in Such a direction as to 
move the brushes of the potentiometers controlled 
thereby from the No. 1 toward the No. 3 termi 
nals of their windings. As Soon as the brush of 
balancing potentiometer RMP5 has moved to a 
position such that the potential of phase p2 ap 
plied through resistance 5206 to conductor 5.642 
from the brush of potentiometer RMP5 balances 
the control potential of phase p applied to con 
ductor 5.642 the motor of the manifold pressure 
motor control circuit Will stop. Potential of 
phase sp2 is applied to the winding of potention 
eter RMP5 over a circuit from ground through re 
sistance 5207 through the potentiometer Winding 
and over conductor 528 to the bus bar 40gp2. The 
potentiometers controlled by shaft 520 will now 
be adjusted to positions commensurate with the 
barometric pressure at sea level. 

Rotation of shaft 4 has also resulted in the 
movement of the rotor winding of the autoSyn 
transmitter 425, the rotor winding of which is 
energized from the 33-volt, 400-cycle Source over 
the 40C and 400G bus bars and whose stator 
windings are connected over conductors of cable 
426 with the stator windings of the receiving 
autosyn. 2326 associated with the dual manifold 
pressure indicator 2327 at the instructor's desk, 
the rotor winding of which is also energized from 
the bus bars 400C and 400G over another branch 
of cable 426, over the lower Nos. 1 and 2 contacts 
of relay 32 , conductors of cable 32 5, with the 
stator Windings of the receiving autosyn 725 aS 
sociated with the dual manifold preSSure indica 
tor 24 on the pilot's pedestal and with the sta 
tor Windings of the receiving autosyn. 2844 aSSO 
ciated with the dual manifold pressure indicator 
28 on the flight engineer's instrument panel. 
The right portions of these dual indicators are 
thus operated to indicate a barometric Sea level 
pressure of 30 inches of mercury. 
As soon as the STM relay 5626 operates, the 

circuit previously traced for applying potential of 
phase pi to the control conductor 5642 of the 
manifold pressure motor control circuit is opened 
and a new circuit is established which extends 
from conductor 5642 over the lower No. 3 back 
contact, of EST relay 5628, over the upper front 
contact of STM relay 5626, conductor 5643, over 
the throttle controlled rheostat 308R to the 40p 
bus bar. The winding of rheostat 308R is eners 
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gized over a circuit extending from ground there 
through, through resistance 2022R. and over con 
ductor 323 from the bus bar 40?p . The potential 
how applied to conductor 5642 is somewhat less 
than formerly applied due to the fact that the 
engine is now assumed to be turning over under 
the control of the inertia starter and will there 
fore produce a suction on its manifold to reduce 
the manifold pressure slightly below the 30-inch 
baronetic pressure. The amount of the reduc 
tion of the pressure will depend upon the setting 
of the throttle for the right engine. 
When the MAN relay 560 released as previous 

ly described in response to the setting of the pro 
peller control for automatic operation, a circuit 
was established from a point between resistances 
5648 and 5649, over the upper back contact of 
ESTA relav 5639, over the upper No. 1 back con 
tact of MAN relav 560, over conductor 5659 
through resistance 5322 to control conductor 4323 
of the R. P. M. memory motor control circuit for 
the right engine. Potential from the bus bar 49p2 
being supplied to the potential divider compris 
ing resistances 5648 and 5649, potential of phase 
?p2 is applied to control conductor 4323 and as a 
consecuence the motor M43 is operated to rotate 
shaft 430 at a slow speed until the cam carried 
thereby operates the Li limit switch 43 to open 
the circuit of motor M43 at which time thyroi igh 
the unitv ratio hevel gears 54 and shaft 54 of the 
rush of potentioneter RRMP6 associated there 

with will be driven to the No. 1 terminal end of 
its wrilding. 
The R. P. M. memory motor unit is a circuit ar. 

rangennenf, wY7herebbv bv means of the potentiome 
ter RRMPS controlled therehv the potential from 
the propeller potentiometer RPP, manifold pres 
Sure potentiometer RMP2 and true air speed po 
tentionetet TASP& is maintained nrecisely equal 
to the potential in the R. P. M.balancing potenti 
Ometer RRP So that at the instant of throw 
over from automatic to manual control of the 
propeller the R. P. M. motor control circuit of 
Fier. 40 vill not cause any change in the setting 
of its associated potentiometers. This simulates 
the action in an actual aircraft since at the in 
stant of the throw-over the conditions affect 
ing the R. P. M. are not chanored and the R. P. M. 
remains the same. Subsequent changes in the 
ntropeller pitoh, manifod Pressure or tre air 
speed of course vill affect the R. P. M. 
When relay 5626 later operates a circuit is es 

tablished from the bus har 490, over its innerup 
per contacts. Conductor 5644, through the winding 
of the right prompeller pitch potentiometer RPP i 
and resistance 5402 to ground. A potential de 
rived therefron is applied through the winding 
of the right engine manifold potentiometer RMP2 
and resistance 5403 to ground. A further po 
tential derived from the latter potentiometer is 
antplied through the winding of the true air speed 
potentioneter TASP4 and through resistance 
54 to round from which latter potentiometer 
a potential is derived and applied through the 
Winding of the R. P. M. memory potentiometer 
RRMPS and a potential derived from the latter 
potentioneter is applied over conductor 545. 
over the lover No. 2 back contact of relay 56 (, 
conductor 4325. through resistance 4324 to con 
ti'al Conflictor 4323 of the R. P. M. memory mo 
to control circuit. of Fig. 43. The motor control 
circuit is thus operated to rotate the shafts 43 
and 50 until the brush of potentiometer RRMPs 
is a diusted to render the potential of phase of 
applied thereover, as just described, equal to the 
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potential of phase p2 applied to the control con 
ductor 4323 over the brush of the balancing po 
tentioneter RRPO of the R. P. M. motor unit. 
This latter potential is applied from the brush of 
potentiometer RRP 9, over conductor 5656, over 
the upper front contact of ESTA relay 5639, ovex 
the upper No. 1 back contact of MAN relay 560, 
conductor 5650, through resistance 4322 to con 
trol conductor 323. 
Relay 5625 also upon operating connects 40 

volt phase p current from bus bar 40p over 
its upper No. 1 contacts to conductor 562, 
through the winding of manifold pressure po 
tentiometer RMP4 of Fig. 51 and through re 
sistances. 502 and 503 in series to ground and 
in parallel with such resistances over conducto: 
504, through the right engine throttle rheo 
stat 307R in the closed or low resistance posi 
tion, Fig. 30, and over conductor 595 through 
resistance 506 to ground. From the junction 
point between resistances 502 and 503 of Fig. 
51 conductor 50T extends over the upper No. 1 
back contact of EST. relay 5628, over conducto: 
5629 to the upper terminal of the primary wind 
ing of transformer T40 of the R. P. M. motor 
control circuit of Fig. 40, Potential from th? 
bus bar 40p f is also applied over the upper No. 1 
contacts of relay 5625, through resistance 563, 
through the winding of the right propeller gov 
ernor rheostat 302, Fig. 30, in the maximum 
R. P. M. or low resistance position and conduc 
tor 302 to the lower terminal of the primary 
winding of transformer T4) of the R. P. M. mo 
tor control circuit of Fig. 40. 

Potential of phase p is therefore connected 
to both terminals of the primary winding of 
transformer T40 but these potentials being of 
different value will cause current to flow through 
the primary winding of transformer T4C with the 
result that during the positive half cycles of the 
current positive potential will be applied to the 
control grid of tube WT40. Biasing potential is 
applied to the control grid of tube WT40 over 
the secondary winding of transformer T40, 
through the bias adjusting rheostat R40 and 
through the diode rectifier tube VT4 and th: 
left Secondary winding of power transformer 
T4 I to ground, rheostat R4 O being connected 
through resistance 4000 in series with the left, 
Secondary winding of transformer T4 across 
the cathode-anode path through the tube WT4 
The filaments of tubes WT40 and WT4 are 
heated by current applied from the middle sec 
Ondary winding of transformer T4 and anode 
potential of phase p is supplied through retard 
coil 4005 through the winding of the MPC relair 
4002 in parallel with the resistance 4 (n3 from 
115-volt phase p f bus bar 5 p?. With thc 
control potential of phase pf applied to the pri 
mary winding of transformer T40, potential of 
phase p f is impressed upon the control grid of 
tube VT40 and with potential of the same phase 
pf applied to its anode, tube VT40 becomes con 
ducting during each positive half cycle and op 
erates relay 4002 to short-circuit resistance 400 
and to thereby increase the positive grid bias 
of tube WT40 to insure that relay 4002 will be 
held operated so long as tube WT40 continues 
to conduct in response to the control potential. 
With relay 4002 operated potential of phase 

p connected over the upper No. 1 contacts of 
relay 5625, conductor 5627, through the vinding 
of manifold pressure potentiometer RMP4 of 
Fig. 51, through resistance 502, conductor 507, 
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the upper No. 1 back contact of relay 5628 and 
conductor 5629 is further connected over the 
upper front contact of relay 4002, over conduc 
tOr 4004, through resistance 563 and resistances 
5632, 5633 and 5634 in series to ground and iin 
parallel with the latter resistances over the up 
per front contacts of IGR and IGL relays 5603 
and 5604, over the upper No. 2 back contact of 
MAN relay 56 | 0, the upper front contact of PRM 
relay 5622, over the upper No. 2 front, contact of 
STM relay 5625, conductor 5635, through re 
Sistance 508 and conductor 40 to the R. P. M. 
motor control circuit for the right engine, 
Fig. 40. 
In response to the potential of phase p ap 

plied to conductor 400, this potential is am 
plified by an amplifier tube (not shown) but 
Similar to tube 900 of Fig. 9, is rectified by a 
tube (not shown) but similar to tube 903 of 
Fig. 9, and is impressed upon the control grids 
of motor control tubes (not shown) but similar 
to tubes 904 and 905 of Fig. 9. As a result the 
tube corresponding to tube 905 becomes conduct 
ing but the tube corresponding to tube 904 does 
not and the RV and RV relays 4006 and 400 
do not operate and the motor (not shown) is 
operated to rotate shaft 40 at a slow speed 
in one direction of rotation and through the 
unity ratio bevel gears 500 to rotate the shaft 
50 in such a direction as to move the brushes 
of the potentiometers from the No. 1 terminals 
of their windings towards the No. 3 terminals 
thereof. As soon as the brush of balancing po 
tentiometer RRPO has moved to a position such 
that the potential of phase p2 applied therefrom 
to conductor 400 through resistance 5? 39 as 
derived from the potentiometer, whose winding 
is connected in a circuit from ground through 
such winding and resistance 5 C to the 40-volt 
60-cycle bus bar 40 qo2, balances the signal po 
tential of phase pf applied to conductor 400 
as previously described, the motor of the R. P. M. 
motor control circuit stops. The potentiometers 
controlled by shaft 50 will now be adjusted 
to positions commensurate with the simulated 
speed at which the right engine is being turned 
over by the inertia, starter. 
AS Soon as shaft 400 leaves its normal position 

the i? limit switch 4008 closes its right contacts 
thereby causing the operation of ON relay 4009. 
Relay 4009 upon operating establishes a circuit 
from ground over its upper No. 4 contacts and 
conductor 404 through the winding of relay 4700 
and the field winding of motor 4 of the 
tachometer motor control circuit of Fig. 47 to : 
battery B47. The rotor of motor 470 is energized 
by 230-volt current applied from bus bar if 5 pf 
through the rotor circuit, through resistance 
47f7, through the next to left secondary winding 
of transformer 40, across the cathode-anode 
path through the gas-filled tube 4, 25 to the bus 
bar f 5p2. The tube 4705 rectifies this current 
So that in response to each firing of the tube a 
unidirectional impulse of cuirrent is transmitted 
through the rotor winding of the motor. The 
connections from the bus bars 5p and f ?5p2 
to the lower rotor brush of notor 40, and to the 
anode of tube 405 are such that the motor will 
run in Such a direction as to cause tachometer 
driven by the tachometer generator RTG coupled 
to the motor shaft of the motor 40 to give posi 
tive indications, 

For controlling the motor 470 the gas-filled 
tube 4705 is provided, the filament of which is 
heated by alternating current supplied from the 
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next to left secondary winding of power trans 
former 4704 and the anode of which is supplied 
with anode potential from the bus bar 5p2 as 
previously described. Alternating current bias 
ing potential is applied between the grid and 
cathode of tube 4705 over a circuit which extends 
from the grid through resistance 4706 and 
through resistance 4707 which has an alternat 
ing current potential With a leading phase angle 
impressed upon it by the condenser 4708, through 
the left secondary winding of transformer 4704, 
through condensers 4709 and 470 to the mid 
point of the next to left secondary winding of 
transformer 4704, thence through the filament of 
tube 4705 which serves as a cathode. 

For producing the direct current potential 
which is superposed on the alternating biasing 
potential of tube 4705, the dual rectifier tube 47 
is provided having its filament heated by alter 
nating current supplied from the next to right 
Secondary winding of transformer 4704. The 
primary winding of transformer 404 is energized 
from the bus bar 5p in parallel with the pri 
mary winding of the biasing transformer 472 for 
the tube 455 of the left engine tachometer motor 
control circuit and in parallel with the primary 
winding of the constant voltage transformer 4703. 
The winding of potentiometer RPP5 is connected 
through resistance 4702 to the secondary Wind 
ing of the constant voltage transformer 403 and 
the brush of such potentiometer is connected 
through the primary winding of input trans 
former 474 to ground whereby the movement of 
the brush of the potentiometer by the rotational 
movement of shaft 5 of driven by the motor of 
the R. P. M. motor control circuit is instru 
mental in deriving a potential from the potential 
impressed upon its winding and impressing such 
derived potential upon the primary winding of 
transformer 44. 
The Secondary Winding of transformer 474 is 

connected over a circuit extending from the left 
cathode of rectifier tube 47 through such sec 
ondary winding, over the contacts of relay 4700, 

5 through the right portion of the winding of rheo 
Stat 473 and resistance 475 in series to the left 
anode of tube 47 f. Tube 47 thus rectifies the 
input control potential. This rectified potential 
is regulated by the adjustment of the slider of 
rheostat 47 | 3. A potential derived from this po 
tential is superimposed upon the alternating cur 
rent grid biasing potential and applied between 
the cathode and grid of tube 4705 over a path 
which may be traced from the grid of the tube, 
through resistances 4706 and 4707, through the 
right portion of the winding of rheostat 47 | 3, 
through resistances 475 and 476, through the 
rotor circuit of motor 470, through resistance 
47 7 to the mid-point of the next to left second 
alry winding of transformer 4704 and to the filla 
ment or cathode of tube 4705. 
As the brush of potentionetter RRP5 noves in 

response to the motor of the R. P. M. motor con 
trol circuit a potential is impressed upon the sec 
ondary winding of transformer 474. This po 
tential is rectified by tube 47 and impressed as 
a grid control potential between the grid and 
cathode of tube 4705 Superimposed upon the 
alternating current biasing potential impressed 
between the grid and cathode of Such tube. At 
the same time alternating current of phase (p2 
is applied as an anode potential upon the anode 
of tube 4705 as previously described. The alter 
nating current grid potential and the resultant 
alternating current grid biasing potential are op 
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posite and leading in phase with respect to the 
anode potential. Thus during each positive half 
Cycle of the anode potential the tube 4705 will fire 
when the resultant biasing potential liscs to an 
annount, which is equal to or slightly in excess of 
the critical grid potential. 

Each time that the tube 4705 fires an im 
pulse of current flows through the rotor circuit 
of motor 470 over a path which may be traced 
from the lower brush Of the motor to the buis bar 
5p returning over bus bar 5p2 through 

choke coil 478 across the anode-cathode path 
through tube 4: 55 to the mid-point of the next to 
left secondary winding of transformer 4794, 
thence through resistance 47 ft to the other brush 
of the motor. With its stator Winding energized 
from the direct current Source 34 the motor in 
response to the impulses of current transmitted 
through its rotor winding by the repeated firing 
of tube 405 rotates at an accelerating speed. 
Dulring each interval that the tuhe 45 05 is non 
conducting motor 47 is operating at a substan 
tially uniform speed by reason of the discharge of 
condenser 49 through its rotor winding and is 
thereby producing a counter-electromotive force : 
which is proportional to the speed of the notor. 
This couinter-electronotive force is applied be 
tween tha grid and cathode of tube 45 in opposi 
tion to the control potential produced in response 
to the incoming control potential as modified by 
the potentiometer RRP5 over a path which ex 
tends from the lower brush of motor 4. Of through 
resistance 476, resistance 475, the right portion 
of the winding of rheostat 47 3 and through re 
sistances 47 C7 and 4706 to the grid of tube 475 
and from the filament of tube 45 to the mid 
point of the next to left secondary Winding Of 
transformer 494 thence through the resistance 
if T to the upper brush of motor 47 0 . The effect 
of this counter-electromotive force is to tend to 
neutralize the impressed direct current grid com 
ponent when the motor 470 f attains a speed com 
mensurate with the setting of the brush of poten 
tiometer RRP5. When this occurs firing of the 
tube 4705 is retarded to a point where the aver- i. 
age current is just enough to keep the motor 470 
lunning at a Speed corresponding to the input 
potential. For a more complete description of the 
Operation of the tachometer motor control circuit 
reference may be had to the application of C. E. , 
Germanton. Serial No. 542,983 filed concurrently 
he'ewith. This application has matured into Pat 
ent No. 2,493,064 dated January 3, 1950. 
The tachometer motor control circuit disclosed 

in the lower portion of Fig. 47 is provided for op 
eration in connection with the R. P. M. motor 
control circuit for the Simulated left engine and 
functions with the right unit of the rectifier tube 

f. Since the engines of a two-engined air 
craft rotate in opposite directions, the motor 475 
is arranged to rotate in the opposite direction 
from the motor 470 f by the connection of the 
anode of tube 4755 through the choke coil 4768 to 
the bus bar 5p and the connection of the lower 
brush of the motor to the bus bar 5q2. Thus 
the tachometer generators RTG and LTG driven 
by the motors 4 and 475 are driven in oppo 
site directions to cause the tachometers at the 
instructor's desk and at the pilot's pedestal and 
on the flight engineer's instrument panel to be 
driven in opposite directions. 
As the tachometer generator RTG. rotates, 

through its coupling over conductors 420 and 
472 f of cable 4722 with the right engine tachom 
eter 2522 at the instructor's desk and the right 
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32 
engine tachometer 722 at the pilot's pedestal and 
Over a blanch of cable 422 with the right en 
gine tachometer 28?5 on the flight engineer's in 
Strument panel, the tachometers 722, 2522 and 
285 are driven to indicate the speed of the simu 
lated right engine in revolutions per minute. 

Relay 5625 of Fig. 56 also upon operating es 
tablishes a circuit from ground over the lower 
front contacts of IGR and IGL relays 5503 and 
5S04, over the lower back contact of relay 5536, 
over the upper No. 3 contacts of relay 5525, over 
conductor 5800, through the winding of relay 
580 f of the sound effects circuit of Fig. 58 pro 
Vided for Simulating the Sounds due to the opera 
tion of the right engine whereby Such sound ef 
fects circuit is rendered effective. The Shaft of 
the tachometer motor 47) f also carries the 
toothed disc 4:23 of a sound effects generator 
which revolves in the field 4724 of such gener 
ator and generates therein pulsations of current 
which are transmitted over conductOS 425 and 
426 through the primary winding of input trans 
former 5802. 
The pulsations are impresed upon the input of 

the dual amplifier tube 5803, are amplified there 
by and impressed through the volume regulating 
rheostat 584 upon the control grid of the detec 
tor tube 5895, the cathode-anode path through 
which is connected in series with the primary 
winding of the output transformer 5806, the sec 
ondary vivinding of which transformer is con 
nected through a power amplifier 5897 with one 
or more loud-speakers 5808 conveniently located 
in different parts of the trainer. Anode potential 
is applied from the source B58 through resist 
ance 589 to the anode bus bar 58 () and from this 
bus bar through resistances 58, 582 and 5813 
to the anodes of tubes 5803 and 585. Direct cur 
rent bias is impressed upon the grid 58 4 of tube 
585, through resistance 58 (5. across the cathode 
anode path through the left unit of the dual 
rectifier tube 586 and through the secondary 
winding of transformer 587 to ground, this cath 
ode-anode path being bridged across the second 
ary winding of transformer 58 IT and energized by 
potential from the 40-volt, 60-cycle bus bar 40 p.2, 
in pressed through the rheostat 588 and from 
the brush thereof through resistance 5819 and 
through the primary winding of transformer 
58 ft, and by potential from the 402 bus bar ap 
plied from the brake horsepower variac RBV7, 
over conductor 582, through the winding of 
rheostat 5322 and from the brush thereof through 
resistance 5823 and the primary winding of trans 
former 587. This latter potential increases as 
the brake-horsepower output of the engine in 
creases thereby increasing the engine noise. The 
filaments of all of the tubes of both sound effects 
circuits are energized by 6.3-volt current ob 
tained from the secondary winding of filament 
Current transformer 5820. 
With relay 589 normally deemergized, the Sec 

Ondary winding of input transfornel 58 (2 is 
short-circuited and no incoming signal from the 
sound effects generator 4723 is impressed upoin 
the input circuit of tube 5803. As the generator 
4723 rotates slowly while the starting of the right 
engine by the inertia starter is heing Sinulated 
the pulses generated thereby are anplified and 
Sounds are produced by the loud-speakers in 
simulation of the sound of firing explosions of 
an engine while it is being started. 
With ON relay 4009 of the R. P. M. otor con 

trol circuit operated a circuit is also established 
from ground over the inner upper front contact 
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of RF relay 35 9 at the flight engineer's fuel 
trunk panel, over conductor 3525, over the lower 
No. 3 contacts of relay 4009, conductor 405 and 
through the Winding of RFS relay 3526 to bat 
tery. Relay 3526 thereupon operates establish 
ing an obvious circuit for RFS relay 352 which 
thereupon locks over its inner upper contacts to 
ground on the back contact of RFS2 relay 3528. 
Relay 3527 upon operating connects ground over 
its inner lower contacts and conductor 3529 
through the winding of start relay 5750 of the 
right engine fuel pressure circuit of Fig. 57. Re 
lay 5750 thereupon operates and connects 57-volt, 
60-cycle alternating current from the upper or 
phase pf portion of the secondary winding of 
power transformer 570, over the back contact 
of DFP relay 5702, over the upper contacts of 
relay 5750, the back contact of UL relay 5703, 
through resistance 5704 and the rotor winding of 
motor 5705 to ground. The stator winding 5706 
of this motor is energized in a circuit extending 
therethrough and through the lower or phase (p2 
portion of the secondary winding of transformer 
570, whereupon the motor is started and 
through the reduction gear box. 507 drive shaft 
5708 and the cams and the rotor of the trans 
mitting autosyn 5724 mounted thereon in a 
counter-clockwise direction. As soon as the shaft 
moves off normal the contacts of Switch 57 09 
close thereby establishing an obvious circuit for 
LL relay 57 | 0. 
The rotor winding of autosyn 5724 is energized 

by 400-cycle current from the bus bars 49 CC and 
409G and its stator windings are connected over 
conductors 525 and 5726 of cable 572. With the 
stator windings of the receiving autosyn 2332, 
which drives the right unit of the dual fuel pres 
sure indicator 2333 at the instructor's desk the 
rotor winding of which autosyn is energized from 
the bus bars 400C and 400G, and over a branch 
of cable 5727 over the upper Nos. 5 and 6 con 
tacts of relay 32 ft and conductors of cable 32ff 
with the stator windings of receiving autosyn 
2845 which drives the right unit of the dual fuel 
pressure indicator 28 on the flight engineer's 
instrument panel. The rotor Winding of the lat 
ter autosyn is energized from the bus bars 490C 
and 400G. The indicators 2333 and 28 now 
indicate the pressure of the fuel supply to the 
right engine which now rises to about 7 pounds. 

Relay 570 upon operating establishes a circuit 
which may be traced from ground over the inner 
upper contacts of ignition relays 5603 and 5604, 
over conductor 5607, the contacts of the right 
engine disabling key 2500R at the instructor's 
desk, over conductor 250, the lower contacts of 
relay 3527, conductor 3530, over the lower con 
tacts of relay 570, conductor 57 f, over the inner 
lower contacts of FTR relay 5637, over the inner 
upper contacts of PRRM relay 5622, over the 
lower No. 2 contacts of STM? relay 5625, over 
the upper back contact of EST2 relay 5636 
through the winding of ST relay 5638 to battery. 
Relay 5638 operates and locks over its upper con 
tacts, over the lower No. 2 contacts of relay 5635, 
thence to ground as traced Over the contacts of 
disabling key 25COR at the instructor's desk and 
establishes a circuit from ground over its lower 
contactS and the lower No. 1 contacts of STIM 
relay 5625, through the winding of EST2 relay 
5636 to battery. Relay 5636 thereupon operates 
opening at its upper back contact the initial 
operating circuit of ST relay 5638, opening at its 
lower back contact the circuit previously traced 
for enabling the sound effects circuit of Fig. 58 
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34 
and establishes a circuit from ground over the 
inner lower contacts of ST relay 5638, over the 
front contacts of EST2 relay 5636 through the 
winding of EST relay 5628 to battery. 

Relay 5628 upon operating locks over its lower 
No. 1 contacts to ground over the inner lower 
contacts of ST relay 5638, establishes bridges 
around the upper No. 1 and 2 contacts of STM 
relay 5625 over its upper Nos. 2 and 3 contacts 
for maintaining the continuity of the circuits 
extending thereover following the Subsequent re 
lease of relay 5625, and over its lower No. 2 con 
tacts establishes an obvious circuit for ESTA re 
lay 5639. Relay 5639 upon operating closes an 
obvious circuit for EST relay 566 which operates 
and opens the circuit of STW relay 56 f5 which 
may be traced over the cathode-anode path of 
tube TT thereby releasing relay 56 S and ex 
tinguishing the tube. Relay 565 upon releasing 
in turn releases STM relay 5625 which in turn 
releases STM relay 5626 and EST2 relay 5636. 
At its lower No. 3 contacts relay 566 establishes 
a circuit from ground over the lower contacts of 
relayS 5603 and 5604, over the lower No. 3 con 
tacts of relay 566 and conductor 5800 for recon 
ditioning the Sound effects circuit and over its 
lower No. 1 contacts establishes a circuit from 
ground, over conductor 5640 of cable 5600, over 
the contacts of the right engine generator key 
3202 at the instructorºs desk, Fig. 22, over con 
ductor 337 of cable 300 through the winding 
of RSG relay 338 at the right engineer's power 
panel. Relay 338 thereupon operates for a pur 
pose to be presently described. 
The EST relay 5628 upon operating modi 

fies the circuit previously traced for control 
ling the R. P. M. motor control circuit of Fig. 40 
to increase the potential applied to control con 
ductor 400 il thereof. The modified control cir 
cuit may be traced from the bus bar 40p f, over 
the upper No. 2 contacts of EST relay 5628, 
over conductor 562, through the winding and 
over the brush of the manifold pressure poten 
tiometer RMP4, over conductor 5 , over the 
upper No. 1 front contact of TEST relay 5628, 
over conductor 5629 and thence as traced to con 
trol conductor 400 f. With the increase of po 
tential thus resulting the motor of the R. P. M. 
motor control circuit is again started and ad 
vances the potentiometer brushes carried by the 
Shaft 50 further toward the No. 3 terminals 
of their windings until the motor is arrested 
When the brush of the balancing potentiometer 
RRPO reaches a position to apply a potential 
from bus bar 40 p2 to control conductor 400 
which balances the control potential of phase p 
applied to Such conductor. Through the new 
setting of the brush of potentiometer RRP5, 
the tachometer motor 470 is controlled to in 
crease the speed of the tachometer generator 
RTG driven thereby so that the tachometer T22 
of the pilot's panel, the tachometer 2522 at the 
instructor's desk and the tachometer 285 at the 
flight engineer's instrument panel are driven to 
indicate the simulated idling speed of the right 
engine of approximately 650 revolutions per min 
ute. 
The change in the speed of rotation of the 

tachometer motor 470 and the consequent in 
crease in Speed of the sound effects generator 
4723, with relay 580 f now reoperated, causes the 
Sound effects circuit to produce Sounds by the 
loud-speaker 5808 simulating the increased noise 
due to the increased speed of the started en 
gine, the periodicity of the explosion noises pro 
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duced by the loud-speaker increasing as the 
rotational Speed Of the engine increases and 
the intensity increasing as the brake-horsepower 
Output of the engine increases. 
When the Shaft 40 of the R. P. M. notor 

control circuit has been rotated to a position cor 
responding to an R. P. M. Speed of approxi 
mately 400 R. P. M., the contacts 40 become 
closed to establish a circuit from the 115-volt 
Supply 402, over the contacts of Switch 40 
and conductor 43 through the Winding of the 
variable autotransformer of 'variac’ RRV6 from 
which power is derived for driving the right 
vibrator motor RVM bolted to the right side of 
the trainer mock-up f OO. The shaft of this mo 
tOr carries an eccentrically mounted weight 
whereby the operation of the motor sets up a 
vibration in the right portion of the mock-up 
simulating the vibration due to the operation 
of the right engine and the vibration due to 
the right engine propeller. This vibration in 
creases in intensity as the right engine Speed 
increases. 

Since the engine is now running at a higher 
speed the fuel consumption will be greater and 
therefore a new control circuit is established for 
the right engine fuel flow motor control circuit 
of Fig. 37. Potential of phase p is now applied 
from bus bar 40p , through the winding of the 
manifold pressure potentiometer RMP3 and 
through resistance 48 05 from which a derived 
potential is applied through the Winding of 
R. P. M. potentiometer RRP7. The potential de 
rived from this potentiometer is applied through 
the winding of altimeter potentiometer AP? and 
resistance 4806 to ground the resulting poten 
tial derived from the latter potentiometer is 
applied over conductor 480 through resistances 
565 and 5652 to ground. From this latter po 
tential divider a potential of phase p is ap 
plied over the inner upper back contact of LN 
relay 5653, over the lower back contact of ICO 
relay 5654, over conductor 5655, over the upper 
front contact of relay 570, conductor 572 and 
through resistance 488 to control conductor 4803 
of the fuel flow motor control circuit, Fig. 48. 
The motor M37 of this circuit now positions 

the shaft 370 until the balancing potentionnetter 
RFFP aSSumes a position in which the poten 
tial of phase p2 applied thereover through re 
Sistance 4809 to the control conductor 4803 bal 
ances the potential of phase pi on conductor 
4803. When this balance is reached the motor 
M37 stops. The fuel flow indicators 2329 and 
2806 at the instructor's desk and on the flight 
engineer's instrument panel Will now indicate 
the fue floW commensurate With the Operation 
of the right engine at the idling Speed of ap 
proximately 650 revolutions per minute. It will 
be noted that this fuel flow is dependent upon 
the manifold pressure, the R. P. M. and the 
altitude, and may be expressed by the equation 
as follows: 

Fuel flow-f(MP) xf(R. P. M.) Xf(ALT) 
The R. P. M. potentiometer RRPT has been set 

as previously described for an engine speed of 
650 R. P. M., the brush of the altimeter poten 
tiometer API will at this time be adjacent its 
No. 1 winding terminal since the aircraft has not 
left the Water and will therefore interpose no 
correction for the fuel flow measurement, and 
the manifold pressure potentiometer RMP3 will 
have been set to a position commensurate with 
the manifold pressure of approximately ten 
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36 
inches of mercury for the engine idling at the 
speed 650 revolutions per minute at sea level. 

Following the operation of EST relay5628 the 
nnanifold pressure motor control circuit is Op 
erated to adjust the potentionnetters controlled 
thereby to settings corresponding to a manifold 
pressure of approximately ten inches. To ac 
complish this, potential of phase p is applied 
from bus bar 40gp over conductor 3023, through 
the winding of variac 3G 9R to ground and the 
potential derived therefrom is applied ove' con 
ductor 3024, through the winding of altitude po 
tentiometer AP9 and through resistance 5209 to 
ground. The potential derived from the lattel' 
potentiometer is applied over conductor 52 fo, 
over the upper No. 1 contacts of ON relay 4009, 
conductor 52, over the upper back contact of 
SHR relay 52 2 to the brush of the R. P. M. 
potentiometer RRP3, over the left portion of the 
Winding of this potentiometer and the upper 
middle back contact of relay 52 i2, through l'e- 
sistance 524 to ground and over resistance 
525, the inner lower back contact of relay 
522, conductor 526, through the right engine 
manifold pressure rheostat 2330, conductor 
233, over the lower front contact of EST 
relay 5628 and to control conductor 5342 of the 
manifold pressure motor control circuit of Fig. 
41. The motor of this circuit is thereupon con 
trolled to rotate the shafts 4 Í í 0 and 520 ? to set 
the potentiometers controlled thereby to posi 
tions commensurate with the reduced manifold 
pressure resulting from the operation of the en 
gine at the idling speed of 650 revolutions per 
minute. The shaft 4 fl D also through the auto 
syn 425 operated thereby causes the operation 
of the manifold pressure indicator 2327 at the 
instructor's desk, the manifold pressure indi 
cator 280 at the flight engineer's instrument 
panel and the manifold pressure indicator 724 
at the pilot's panel. 

It is to be noted that when the engine is run 
ning the manifold pressure varies with the alti 
tude, with the R. P. M. and with the throttle 
opening and may be expressed by the equation 

MP=f(ALT). X f(R. P. M.) X throttle 
and decreases as the altitude increases, increases 
as the R. P. M. increases and increases as the 
throttle opens. With the aircraft on the water 
and the brush of the altimeter potentiometer 
AP9 then near its No. 1 winding terminal, with 
the brush of manifold pressure rheostat 2330 at 
the instructor's desk adjacent the No. 1 terminal 
of its winding and the throttle valriac 30 9R Set 
in the closed throttie position, the indicators 232T, 
724 and 280 will indicate approximately ten 

inches of manifold pressure. 
The ESTA relay 5639 upon operating connects 

control conductor 5659 extending to the R. P. M. 
memory motor control circuit of Fig. 43, over 
the upper No. 1 back contact of MAN relay 56 iO, 
the upper front contact of ESTA reiay 5639, over 
conductor 565 and thence through resistance 
509 to control conductor 400 of the R. P. M. 
motor control circuit of Fig. 40 whereby the 
movement of the brush of the balancing poten 
tiometer RFP í 6 of the F. P. M. circuit will ap 
ply potential of phase (p2 from the bus bar 40g 2 
to bring the shaft 5i Gi to rest when it has as 
sumed a position commensurate with the idling 
speed of 650 revolutions per minute. Tithe balanc 
ing potentiometer RRP 1 0 also applies balancing 
potential to the control conductor 5550 of the 
R. P. M. memory motor control circuit to also 
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bring the shaft 540f thereof to rest in a similar 
position. 
The EST relay 566 upon operating establishes 

a circuit from bus bar 40go? over its upper No. 1 
contacts, to a point in the potential divider ex 
tending from ground through resistances 565 
and 5658, over the upper back contact of LN re 
lay 5653, over conductor 5659, through the wind 
ing of manifold pressure potentiometer RMP 
and resistance 5004 to ground. A potential de 
termined by the position assumed by the brush 
of potentiometer RMP is applied over conduc 
tor 5005, over the middle back contact of SHR 
relay 523, through resistance 527 over con 
ductor 528 to the brush Of the R. F. M?. poten 
tioneter RRP, and over the potential divider 
extending from ground through the poten 
tioneter winding, over conductor 503, over the 
lower back contact of relay 523, through resis 
tances 529 and 5220 to ground and, in parallel 
with the latter potential divider, through resis 
tance 5006 to the control conductor 50 of the 
brake horse-power motor control circuit of Fig. 
39. Potential is also applied from the junction 
between the back contact of relay 5653 and re 
sistance 5657, over the inner upper front contact 
of ESTA relay 5639, over conductor 5660, 
through resistance 5008, through the winding 
of altimeter potentiometer AP2 to ground and 
potential derived at the brush of this poten 
tiometer is applied through resistance 5009 to 
the control conductor 500. 
The brake horse-power motor contro circuit 

is thereby controlled to rotate the shaft 39 and 
through the unity ratio bevel gears 5000 to ro 
tate the Shaft 500 until the brush of the balanc 
ing potentiometer i RBP i 0 reaches a position in 
which the potential of phase p2 applied there 
over, through resistance 50 í0 to control con 
ductor 500 equals the potential of phase (p ap 
plied to conductor 007. When the state of 
balance is reached the rotation of Shaft 500 
ceases. Potential of phase sp2 over the brush of 
potentiometer RBP 0 is derived from the wind 
ing of the potentiometer which is energized in 
a circuit from bus bar 40 p2 through resistance 
50ff, through the winding of such potentiometer 
and through resistance 592 to ground. The 
brake horse-power therefore varies in accordance 
With the equation 

BHP= [f(MP) xf(R. P. M.) x (mixture) -- 
if (ALT) –Fengine 

where the function f(MP) is determined by the 
potentiometer RMP, the function f(R. P. M.) is 
determined by the potentiometer RRP, the mix 
ture function by the condition of LN relay 5653, 
the function f(ALT) by the potentiometer AP2 
and the function Fengine by the condition of the 
Supercharger relay SHR. When the R. P. M. 
passes a certain value the resistance network 
of the brake horse-power control circuit is So 
designed that a further increase in R. P. M. as 
indicated by the movement of the brush of po 
tentiometer RRP then causes a decrease in 
brake horse-power as would be the case in an 
actual aircraft. 
As a result of the movement of the shaft 50 

by the R. P. M. motor control circuit of Fig. 40, 
the potentiometer RRP2 is operated and poten 
tial is applied to the control circuit for the right 
engine V/ND motor control circuit, Fig. 38. The 
winding of variac TASW controlled by shaft 528 
which in turn is rotated by the motor of the true 
air speed motor control circuit of Fig. 7, is en 
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38 
ergized by potential of phase b2 from the bus 
bar 40d 2 and a potential of phase p2 derived 
therefrom is applied from the brush of this variac 
through resistance 4902, through the winding of 
the R. P. M. potentiometer RRP2, through re 
sistance 4903 to ground and through resistance 
4904 to control conductor 4905 extending to the 
V/ND motor control circuit. This potential will 
be negligible until the aircraft attains sufficient 
speed to cause the movement of the brush of the 
variac from the No. 2 terminal of its Winding and 
consequently the motor of the motor control cir 
cuit will move the shaft 38 and through the 
unity ratio bevel gears 4900 move the Shaft 490 
to a very slight extent at this time. When the 
shaft 490 has rotated to a position in which 
potential of phase p derived from the winding 
of balancing potentiometer RVP8, through resist 
ance 4907 to control conductor 4905 balances the 
potential of phase (52 the motor of the V/ND 
motor control circuit stops. Potential of phase 
(b is applied to the Winding of potentiometer 
RVP8 from bus bar 40?ºf through resistance 4906. 
The setting of the shaft 490 is in accordance 
with the equation 

?t V — — Y! 
ND R. P. M. 

The term V/ND means the velocity V divided by 
the number N of revolutions per minute of the 
propeller times the diameter D of the propeller. 
The position of the shaft 490 represents the 
quotient of the true air speed by the R. P. M., 
the R. P. M. as previously stated, being a func 
tion of the propeller pitch. Since the diameter 
of the propeller is constant the V/ND term in 
creases directly with the true air speed as deter 
mined by the setting of variac TASV? and in 
versely with the R. P. M. as determined by the 
setting of potentiometer RRP2. There is no in 
strument showing the value of V/ND. 

In response to the rotation of the V/ND shaft 
490 and the consequent adjustment of the po 
tentiometer RVP7 and, with MAN relay 5502 
unoperated which is the condition when the pro 
peller governor is set for automatic operation as 
previously assumed, potential of phase p is ap 
plied to control conductor 5504 for the propeller 
pitch motor control circuit for the right engine, 
Fig. 44. For this purpose potential is applied 
from the bus bar 40ds through the winding of 
potentiometer RWP and potential derived there 
from is applied from the brush of this potenti 
ometer over the upper back contact of relay 5502, 
through resistance 5503 to control conductor 
5504. This potential will cause the operation of 
the motor of the propeller pitch motor control 
circuit of Fig. 44 to rotate the shaft 440 and 
through the unity ratio bevel gears 5500 to ro 
tate the shaft 550 until the balancing potenti 
Ometer RRP3 whose winding is energized by po 
tential of phase p2 from the bus bar 40 p2 applies 
potential from its brush over the lower back con 
tact of relay 5502, through resistance 5505 to con 
ductor 5504 which balances the potential of phase 
pl applied to such conductor. When this condi 
tion of balance occurs the motor of the propeller 
pitch motor control circuit stops. The propeller 
pitch motor control circuit is thus controlled by 
the setting V/ND potentiometer RVP when the 
propeller governor is set for automatic operation 
and the MAN relay 5502 is deenergized but is 
controlled by the increase and decrease R. P. M. 
keys 86 and 87 on the pilot's pedestal when 
the MAN relay 5502 is energized as will be later 
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described. There is no instrument showing the 
value of propeller pitch. 

Right engine oil pressure indications 
In response to the operation of the ON relay 

4Ce9 of the R. P. M. motor control circuit, Fig. 40, 
a circuit is established from ground over its lower 
No. 2 contact, conductor 40 6 to battery through 
the winding of ST relay 57 3 of the right engine 
oil pressure circuit of Fig. 57. With relay 57 3 
operated and the EST relay 56 í 6 also operated a 
Circuit is established OVer the OWer NO, 2 COn 
tacts of relay 566, over conductor 565, over the 
lower No. 2 contacts of relay 5, 3 to battery 
through the winding of STi relay 574. Relay 
573 also establishes a circuit through the rotor 
circuit of motoi 575, through resistance 5. f6, 
over the back contact of L2 relay 57, the lower 
back contact of NP relay 57 8, over the lower No. 
4 contacts of relay 57 f3, over the back contact of 
DOP relay 57 is and through the lower or phase 
(p2 portion of the secondary winding of power 
transformel 5. At this time the field or stator 
winding 20 of motor 55 is energized from the 
upper or phase p portion of the Secondary wind 
ing of transformer 59 and as a consequence the 
motor 575 operates and through the reduction 
gear box. 572 rotates the shaft 522, the cams 
and the rotor of the transmitting autosyn 5723 
mounted thereon, in a Counterclockwise direc 
tion. 
The rotor Winding of autoSyn S.23 is energized 

by 400-cycle current fron the bus bars 4500 and 
400G and its stator windings are connected over 
conductors 5728 and 529 of cable 3, 2; with the 
Stator Windings of the receiving autosyn 2334 
which drives the light unit of the dual oil pres 
Sure indicator 2335 at the instructor's desk. The 
rotor Winding of the receiving autosyn is ener 
gized from the bus bal'S 40CC and 465 G. The 
StatOl' WilldingS Of the trai?SInitting autoSyn 5?23 
are also connected over a branch of cabie 527, 
Over the lower Nos. 3 and 4 contacts of relay 32 ?2 
and COinductors of cable 328 With the stator 
Windings of receiving aitosyn. 234 which drives 
the right unit of the dual oil pressure indicator 
289 on the flight engineer's instrument panel, 
the rotor Winding of this receiving autosyn being 
energized from the bus bars 493C and 400G. The 
ildicator's 2335 and 289 now indicate an oil 
preSSure for the right engine which in eight Sec 
Onds, With the engine Starting cold, rises to about 
200 pounds. 
As soon as the shaft. 522 leaves normal, the off 

norinai cointacts 533 close thereby preparing a 
circuit for restoring the shaft, to its normal po 
Sition. When the Shaft is rotated to the position 
cCallensulate to an oil pressure of 200 pounds, 
a circuit is established from battery through the 
winding of 12 relay 57, over the contacts of 
SWitch 53: to ground over the lower No. 1 con 
tacts of ST reiay 5 i 3. Reiay 5 i 7 upon operat 
ing locks Over its lower contacts to ground over 
the lower No. i contacts of relay 573 and at its 
upper back contact opens the previously traced 
operating circuit for motor 572 i which now stops. 

Control of rigiit engine coul flaps 
In the meantine upon the operation of ST 

relay 5 4 a circuit is established for controlling 
the right engine cylider oil an?i temperature 
motor control circuit disclosed in the upper por 
tion of Figs. 46 and 57. It will be assumed that 
the engine cowl flaps are open at which tin:e the 
brush of the cowl flaps potentiometer 5775 would 
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be at the No. 1 end of potentiometer winding and 
the limit Switch 5732 would be open. To open 
the cowl flaps the flight engineer has operated 
the right engine cowl flaps control SWitch 34.49 to 
the right end, with RCF relay 3450 operated un 
der the control of the previously operated circuit 
breaker 345, a circuit is established from ground 
on bus bar GB, over the lower contacts of relay 
3450, over the right contact of Switch 3449, con 
ductor 3452 and through the Winding of OP relay 
5733 to battery. Relay 57.33 upon operating 
closes a circuit from ground over its upper con 
tacts and conductor 534 of cable 5700 through 
the lamp 2224 to battery whereupon this lamp 
lights to indicate at the instructor's desk that the 
COWl fiapS on the right engine have been opened. 
Relay 57.33 Over its lower contacts and the con 
tacts of limit SWitch 532 establishes a shunt of 
the right Shaded pole Winding 5735 of motor 536 
Whereupon the motor is driven by its main stator 
winding 5737 which is energized from the 115 
Wolt Supply Source, and through the reduction 
gear bOX 539 drives the shaft 543 in a counter 
ciockwise direction until the Switch 5732 is 
Opened by the associated cam carried by shaft 
5740 and the motor 5736 is thereupon stopped. 
Had the flight engineer desired to close the 

COWl flaps then he would have operated Switch 
3449 to the left and, with RCF relay 3450 oper 
ated through the prior closure of circuit breaker 
345, the operation of switch 3449 to the left 
Would have established a circuit from ground on 
bus bar GB, over the lower contacts of relay 3450, 
over the contacts of switch 34.49, over conductor 
3455, through the winding of CL relay 574 to 
battery. Relay 574 upon operating closes a cir 
cuit from ground over its upper contacts and con 
ductor 544 of cable 5700 through lamp 2225 to 
battery, whereupon this lamp lights at the in 
Structor's desk to indicate that the cowl flaps on 
the right engine have been closed. Relay 574 
Over its lower contacts and the contacts of limit 
Switch 5743, establishes a shunt of the left shaded 
pole Winding 57 42 of motor 5736 whereupon the 
motor is Operated to drive the shaft 5740 and the 
brush of potentiometer 5775 in a clockwise di 
rection until the Switch 5743 is opened. 
Control of right engine cylinder oil and tempera 

ture motor control circuit 

Upon the operation of STI relay 57 f4 and with 
the engine cowl flaps assumed to be open and the 
brush of potentiometer 5775 adjacent its lower 
or No. 1 Winding terminal, a circuit is established 
for applying potential of phase q2 from the 40 
volt phase p2 right secondary winding of power 
transformer 4604, over conductor 4605, over the 
lower contacts of STI relay 57 4, through the 
Winding of potentiometer 5775 and through re 
sistance 5745 to ground. Potential of phase 2 
is derived Over the brush of this potentiometer 
from the potential divider extending from ground 
through resistance 5745, over the lower portion of 
the Winding of potentiometer 5775 and the brush 
thereof through resistances 5746 and 5766, over 
conductor 5664, over the lower back contact of LN 
relay 5653 and through resistance 5683 to ground, 
is applied through resistance 5746 to the input of 
dual amplifier tube 5747, is amplified thereby and 
impressed upon the Secondary windings of step 
up transformer 548. The potential inpressed 
upon the upper divided secondary winding of 
transformer 548 is rectified by the dual diode 
rectifier tube 5749 and is impressed as a positive 
biasing potential of phase p2 upon the control 
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grid of the gas-filled control tube 575. The po 
tential impressed upon the lower Secondary Wind 
ing of transformer 5748 is impressed as a positive 
potential of phase p2 upon the control grid of 
gas-filled tube 55. The dual diode rectifier 
tube 552 serves to rectify potential received from 
the secondary winding of transformer 5738 and 
to apply it, through the grid potential adjusting 
rheoStatiS 553 and 55 to the control grids Of 
tubes 575 and 575 to bias them to points just 
below their critical breakdown potentials. 
Tubes 547, 5749, 5750, 575 and 57.52 are sup 

pied with filament heating current from the sec 
Ondary winding of transformer 538. Anode po 
tential is applied to the anodes of amplifier tube 
574 from the battery B57 over obvious circuits. 
Anode potential of phase p2 is applied to the 
anode of tube 550, over conductor 5755, through 
the R anode relay 468 in parallel with resist 
ance 439, through resistance lamp 460 and over 
conductor 46 through the lower phase (p2 por 
tion Gf the Secondary Winding of transformer 
57, and anode potential of phase p2 is applied 
to the anode of tube 55, over conductor 5753, 
through the winding of the R2 anode relay 46f 2 
in parallel with resistance 4S 3 and thence 
through the lower phase (p2 portion of the sec 
ondary winding of transformer 5?. With po 
tential of phase p2 applied to the input circuit 
of amplifier 54 and anode potentials of phase 
sp2 applied to the anodes of tubes 550 and 55 
through the windings of relays 608 and 452, 
both of these relays operate. 
Relay 438 upon operating establishes a shunt 

over its lower contacts and conductors 4614 and 
43 || 5 around resistance 5757 and relay 4609 es 
tablishes a shunt Over its lower contacts and con 
ductOS 465 and 466 around resistance 558 
for increasing the grid biases of tubes 550 and 
575 to insure that relays 4608 and 45s will be 
held operated. With both relays 48 and 4609 
operated a circuit is also established from ground 
Over the upper front contacts of Such relays, over 
the limit Switch contacts 46 and through the 
left, shaded pole winding 469 of motor 462 : 
thereby shunting Stich winding and, Since the 
rain Stator Winding 4622 of the motor is ener 
gized from the 15-volt Supply source, the motor 
operates and through the reduction gear box 
A523 Otates the Shaft 424 in Such a direction 
as to rotate the brushes of potentiometers 4S25 
and 4626 and the brush of the balancing poten 
tion}eterº 4329 from the No. 1 terminals toward 
the No. 3 terminals of their respective windings. 
The balancing potentiometer 629 is energized 

from a source of current of phase p connected 
thereto over a circuit from ground through Such 
winding, through resistance 493 and through the 
phase pf left portion of the secondary winding 
of transformer 404 and a potential of phase 
p derived therefrom is then applied from the 
potentiometer brush, over conductor 463 and 
through resistance 559 to the input circuit of 
the amplifier tube 547. When this potential 
balances the potential of phase p2 applied ; 
through resistance is 5 tubes 5 and 55 cease 
to conduct and relays 868 and 39 release and 
open the circuit of motor 662 which thereupon 
cones to rest. 
As a result Of the movement of the brush of 

the oil temperature potention eter 425, the right 
engine oil temperature indicators. 238 and 288 
at the instructor's desk and on the flight en 
gineer's instrument plane will be operated over 
the circuit previously traced to indicate after 
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about two minutes a rise in the oil temperature 
to about 25° C. and also as the result of the 
movement of the brush of the cylinder tempera 
ture potentiometer 4626, the right engine cylin 
der temperature indicators 232 and 2839 at the 
instructor's desk and on the flight engineer's 
instrument panel will be operated over the cir 
cuit previously traced to indicate after about two 
minutes a rise in the cylinder temperature to 
about 100° C. ? 
After the shaft 4624 has rotated for two min 

utes the can operated contacts 4632 become 
closed thereby competing a circuit from ground 
over the upper contacts of ST relay 57 4, over 
conductor 566, over the contacts 4632 and con 
ductor 56 through the winding of T relay. 5762 
to battery, Relay 5762 thereupon operates, locks 
to ground over its inner lower contacts and the 
upper contacts of relay 574 and over its inner 
upper contacts establishes a new operating cir 
cuit for motor 55 which way be traced from 
ground through the rotor circuit of Such motor, 
through resistance 576, over the upper front 
contact of L2 relay 575, over the inner upper 
contacts of relay 5762, the upper back contact 
of NP relay 578, over the upper back contact 
IOP relay 563 and through resistance 5764 to 
the upper phase p portion of the Secondary 
winding of transformer 50 . Motor 5715 is now 
operated in the opposite, direction of rotation 
and, due to the inclusion of resistance 5764 in the 
rotor circuit, at a lower speed than formerly. 
The rotor of transmitting autosyn 5723 is...now 
rotated in the opposite direction resulting after 
the elapse of about two minutes in the reduction 
of the oil pressure indication given by the indi 
cators 2335 and 2809 at the instructor's desk and 
on the fight engineer's instrument panel, from 
200 pounds to 90 pounds. 
At the expiration of the two-minute period the 

cam carried by the shaft 522 and a SSociated 
With the contacts 55 operates such contacts 
thereby closing a circuit from ground over the 
lower contacts of relay 5762, over Such cam-op 
erated contacts and to battery through the Wind 
ing of NP relay 5718. Relay 5718 thereupon op 
erates, locks over its inner lower contacts to 
ground at the lower No. 1 contacts of ST relay 
573 and at its upper back contact opens the rotor 
circuit of motor 575 whereby the motor is 
brought to rest. 

It will be recalled that the flight engineer has 
operated the start key 344 to the mesh position 
and has operated the primer key 3443. He will 
hold these keys closed until the engine starts as 
Will be indicated by the sound effects, the vibra 
tion effects, the change in the observed manifold 
pressure of the indicator 28 to 10 inches and 
the change in the observed R. P. M. indication of 
the tachometer 285 to approximately 650 revo 
lutions per minute. 

touring the starting of the right engine, the 
voltmeter selector switch WMS, Fig. 31, has been 
positioned on the RG terminal thereby resulting 
in the operation of VRE relay 3.44 and the 
release of VAPP relay 39. The release of relay 
39 opens the circuit, of lamp 222 at the in 
structor's desk and the operation of relay 344 
establishes a circuit over conductor 345 of cable 
39 to cause the lighting of lamp 2230 to indicate 
that the voltmeter 223 is to be read in connec 
tion with the starting of the right engine. With 
relay 3138 previously operated, a circuit is estab 
lished from battery through voltmeter WM on the 
fight engineer's power control panel, Fig. 31, 
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Over the upper contacts of relay 344, over the 
upper contacts of relay 338, over the upper back 
contact of relay 340 to ground over the upper 
inner contacts of relay 3 i38 and in parallel 
therewith over conductors 348 and 349 of cable 
300 through the voltmeter 223 at the instruc 
tor's desk resulting in the operation of voltmeters 
WM and 223 to read 27 volts as the potential 
being applied to the inertia starter motor for 
starting the right engine. 

Following the restoration of the start key 344 
and the primer key 3443, the filight engineer 
operates the right engine generator switch 339. 
With Switch 339 operated, an obvious circuit is 
established for RES relay 340 which establishes 
a circuit from ground over its inner lower con 
tacts and conductor 34 of cable 300 to battery 
through the right engine generator lamp 2226 at 
the instructor's desk which lamp lights to indi 
cate that the flight engineer is making a check 
on the right engine generator. With relay 338 
operated, a circuit is now established from 
ground on bus bar GB, over the inner upper con 
tacts of relay 340, through the right engine 
generator ammeter 342, over the inner lower 
contacts of REG relay 338, over conductor 343 
of cable 300 through the right engine generator 
ammeter 2227 at the instructor's desk and thence 
through resistances 2228 and 22 || 9 and rheostat 
2220 to battery. The ammeters 342 and 2227 
now indicate the current output of the right 
engine generator which should be 40 amperes. 

Relay 340 at its upper back contact now 
removes the shunt from resistance 350 where 
upon a circuit is established from battery 
through the voltmeter VM, over the upper con 
tacts of relay 344, the upper contacts of relay 
338, through resistance 350 and over the upper 
contacts of relay 340 to ground on bus bar GB, 
and in parallel With voltmeter VM Over con 
ductors 348 and 349 of cable 300 through the 
voltmeter 223 at the instructor's desk resulting 
in the operation of these voltmeters to read 24 
volts indicating that the operation of the starter 
motor has reduced the storage battery voltage. 

Starting the left engine 

The flight engineer now sinulates the starting 
of the left engine by first operating the start key 
3456 first to the left or start position, holding it 
there about 12 seconds and then operating it to 
the right or mesh position simultaneously with 
the operation of the primer key 3457. The 
engine control circuit indicated by the box in Fig. 
45 now functions in the manner previously de 
Scribed in connection with the engine control cir 
cuit of Fig. 56. The simulated starting of the 
left engine has caused the rotation of the shafts 
3760 and 485 driven by the fuel flow motor con 
trol circuit for the left engine, the rotation of 
the shafts 3950 and 505 driven by the brake 
horse-power motor control circuit for the left 
engine, the rotation of the shafts 4060 and 55 
driven by the R. P. M. motor control circuit for 
the left engine, the rotation of the shaftS 460 
and 525 driven by the manifold pressure motor 
control circuit for the left engine, the rotation of 
the shafts 4360 and 545i driven by the R. P. M. 
memory motor control circuit for the left engine, 
the rotation of the shafts 3860 and 495 driven by 
the V/ND motor control circuit for the left 
engine and the rotation of shafts 4460 and 555f 
driven by the propeller pitch motor control cir 
cuit for the left engine in the manner previously 
described in connection with similar circuits for 
Simulating the functioning of the right engine. 
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The operation of the shafts 4060 and 55 of 

the R. P. M. notor control circuit has also 
resulted in the operation of the motor 475 of the 
tachometer motor control circuit for the left 
engine, the operation of the tachometer gener 
ator LTG driven thereby and the operation of the 
sound effects generator 473 resulting in the 
operation of the left engine tachometers at the 
flight engineer's, pilot's and instructor's stations 
as previously described to indicate the rotational 
speed of the left engine and in the operation of 
the Vibrator motor LVM located in the left por 
tion of the trainer mock-up to simulate the 
vibrations set up due to the operation of the left 
engine. The operation of the sound effects gen 
erator 473 is instrumental in controlling the 
Sound effects circuit indicated by the box in the 
lower portion of Fig. 58 to simulate the sounds 
incident to the operation of the left engine. 

In response to the starting of the left engine, 
the left unit of the manifold pressure indicator 
280, the left engine fuel flow indicator 2805, the 
left engine tachometer 284, the left unit of the 
oil pressure indicator 2809, the left unit of the 
fuel pressure indicator 28, the left engine oil 
temperature indicator 287 and the left unit of 
the cylinder temperature indicator 2839 on the 
flight engineer's instrument panel are operated. 
Also, the left unit of the manifold pressure indi 
cator 232, the left unit of the fuel flow indi 
cator 2329, the left engine tachometer 2523, the 
left unit of the oil pressure indicator 2335, the 
left unit of the fuel pressure indicator 2333, the 
left engine oil temperature indicator 232 and 
the left unit of the cylinder temperature indi 
cator 232 at the instructor's desk are operated. 
Also, the left engine tachometer 723 and the left 
unit of the manifold pressure indicator 24 on 
the pilot's panel are operated. The operations 
of these instruments give the flight engineer, the 
instructor and the pilots information concerning 
the starting and operation of the left engine. 
In addition, starter on lamp 2232, starter mesh 

lamp 2233, primer lamp 2234 and either the cowl 
flaps open lamp 2235 or cowl flaps closed lamp 
2236 at the instructor's desk and relating to the 
left engine are lighted to indicate the perform 
ance of acts necessary to the starting of the left 
engine. To determine the ammeter and volt 
meter readings in connection with the starting 
and operation of the left engine, the voltmeter 
selector switch WMS of Fig. 31 is moved to the 
G terminal and the left engine generator Switch 

345 at the flight engineer's power panel is op 
erated resulting in the operation of WLE relay 
352, the operation of LES relay 3153, the estab 
lishment of circuits for the voltmeter WM on the 
flight engineer's power panel and voltmeter 223 
at the instructor's desk, the establishment of cir 
cuits for the left engine ammeter 354 at the 
flight engineer's panel and the left engine am 
meter 2237 at the instructor's desk and the light 
ing of the left generator Switch position lamp 
2238 and left generator voltmeter selection lamp 
2239 at the instructor's desk. This apparatus is 
controlled in the manner fully described in con 
nection with the Operation of similar apparatus 
for indicating the Steps in starting the right 
engine. 
Upon the starting of the left engine, potential 

of phase p is connected to the control conductor 
5302 of the brake mean effective pressure motor 
control circuit of Fig. 42. For this purpose po 
tential of phase p f is applied from bus bar 40g 

75 to the Winding of variac LBP8, the brush of which 
is mounted on the shaft 505 rotated by the motor 
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of the brake horse-power motor control circuit 
for the left engine and from which brush poten 
tial is applied over the brush and through the 
winding of potentiometer LRP8 through resist 
ance 5304 and thence through resistance 5303 to 
ground and in parallel with resistance 5303 
through resistance 5305 to control conductor 532. 
The application of potential to conductor 532 
causes the notor of the brake mean effective 
pressure circuit of Fig. 42 to rotate shaft 42; and 
through the unity ratio bevel gears 5300 to rotate 
shaft 530 until the balancing potentiometers 
BMEPP6 and BMEPP attain Settings in which 
potential of phase p2 applied therethrough to 
conductor 5302 balances the potential of phase 
p applied to conductor 5302. Potential of phase 
p2 is applied from bus bar 40 p2 through resist 
ance 5306 and through the Winding of poten 
tioneter BMEPP6 and resistance 53 to ground 
and in parallel through resistance 530 to ground 
and the potential derived at the brush of this 
potentiometer is applied through resistance 538 
to conductor 302 but is further attenuated 
through the potentionnetter BMEPP and resist 
ance 539 to ground. When the potential of 
phase p2 applied balances the potential of phase 
pf applied to conductor 5302 the motor of the 
control circuit arrests the further rotation of 
Shafts 420 and 530. 

It is to be noted that the position which the 
shafts 420 and 530 assume is a function of the 
brake horse-power and the R. P. M. The brake 
mean effective pressure is decreased as the 
R. P. M. is increased and the brake horse-power 
maintained constant. The shaft 420 drives the 
rotor of the transmitting autosyn 4225 the rotoi" 
winding of which is energized from the 40C and 
4G bus bars. The Stator Windings of the auto 
syn are connected over conductors of cable 4225 
with the stator Windings of the receiving autoSyn 
2336 which drives the BMEP indicator 233 at 
the instructor's desk and over a branch of cable 
4226, over the lower Nos. 4, 5 and 6 contacts of 
relay 322 and over the conductors of cable 329 

- with the stator winding of receiving autosyn 
288 which drives the BMEP indicator 2804 on 
the flight engineer's panel. Rotors of autosyns 
2336 and 2848 are energized from the 400C and 
ACOG bus bars. The BMEP indicators 2337 and 
2804 indicate the efficiency of operation of the 
left engine. No similar instruments are provided 
for indicating the efficiency of the right engine, 
With both engines now functioning the thrust 

horse-power motor control circuit of Fig. 42 is 
operated to cause the rotation of shaft 426 and 
through the unity ratio bevel gears 5350 to cause 
a rotation of shaft 535 to a degree commensur 
ate with the aggregate thrust horse-power of the 
two propellers driven by the engines. To control 
the thrust horse-power motor control circuit a 
potential of phaSe p is applied to contro con 
ductor 5352 under the control of the brake horse 
power variac RBV and the V/ND potentiometer 
RVP6 for the right engine and a potential of 
phase p f is applied to conductor 5352 under the 
control of the brake horse-power variac LBWT 
and the V/ND potentiometer LVP6 for the left 
engine. To accomplish this, potential from bus 
bar 40p is applied through the winding of variac 
RBW and the potential derived therefron 
through the Setting of its brush is applied through 
resistance 5353 and through resistance 533d to 
conductor 5352 and in parallel with resistance 
5353 through the winding of potentiometer RVP6 
shunted by resistance 5355 to ground. Similarly, 
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potential from bus bar 40p is applied through 
the winding of variac LBWT and the potential de 
rived therefrom through the Setting of its brush 
is applied through resistance 5356 and resistance 
535 to conductor 5352 and in parallel with re 
sistance 5356 through the winding of potentiom 
eter LVP6 shunted by resistance "5358 to ground. 
Thus With both propellers functioning on auto 
iiatic operation the thrust horse-power developed 
by the tWo propellers may be expressed by the foll 
iGWing equation 

AS Soon as the motor of the thrust horse-power 
moto control Circuit has rotated ShaftS 4260 and 
535i to a positic; ii. which the potential of phase 
p2 derived from the winding of the balancing 
potentionete TF3 and applied through resist 
ance 5339 to conductor 3352 equals the combined 
potentials of phase (pi previously applied to con 
ductor 352, the motor of the thrust horse-power 
circuit stols and the further rotation of shafts 
426 and 535 is arrested. The rotation of shaft 
4260 through the gears 270, shaft 27 G?, gears 
2402, shaft 233 and gears 7 8 has also rotated 
Shaft i9 to an amount commensurate with the 
rotation of Shaft, 426 and the combined thrust 
horse-power of the two propellers. 

Preparation by the pilot for take-off 

Freparatory to taking off the pilot checks to 
See that the Suction indicator 2. On his instru 
ident panel, Fig. 17, reads seven pounds. This 
indicatoi and a similar indicator 2525 at the 
instructO's desk are driven by the receiving auto 
Syns i 28 and 252, whose rotor Windings are 
energi Zed from the 4C and 4 GG bus bars and 
Whose Stator Windings are connected over the 
conductors of cable 252 with the stator Windings 
of the transmitting autosyn 3625 driven by the 
notor 32 of the Sction notor circuit of Fig. 36. 
The motor 326 is of the shaded pole type. Its 
gain stator winding 362 is energized from the 
15-volt, 60-cycle current supply of the trainer. 
When the main right engine is started a shunt 
is established around the left shaded pole wind 
ing 3628, over the upper back contact of LS relay 
3629, over the normal contacts of limit switch 
3539, over conductor 363 and the lower No. 3 
front contacts of ST relay 573 of the oil pressure 
circuit for the right engine, Fig. 57, and thence 
to ground. isotor 3625 now operates and through 
the reduction gear box 3632 drives the shaft 3633 
and the limit SWitch operating cam and rotor of 
autosyn 3625 mounted thereon. When the shaft, 
3633 has rotated to an extent sufficient to cause 
the autosyn 32 to drive the receiving autosyns 
28 and 2525 to set the Suction indicators 72 

and 2525 to indicate a suction of 7 pounds, the 
Switch 383 is moved to its alternate position, 
opening the shunt of the shaded pole winding 
3628 to stop the notor and closing the circuit of 
relay 3629 which operates, locks over its lower 
contacts to ground on conductor 363 and at its 
upper contacts further opens the shunt of shaded 
pole Wilding 3628. If the indicators T2 and 
2525 indicate a suction of 7 pounds the pilot, 
knows that there is sufficient suction to operate 
Such instruments on his instrument panel as 
would in an actual aircraft require air suction 
for their operation. 
With the propeller governor controls of the 

Overhead equipment set in their MAX-R. P. M. 
positions in which the brushes of rheostats 30 2 
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and 30 3 of Fig. 30 are moved to the lower termi 
nails of their windings, the two throttles are moved 
together to move the brushes of the throttle rheo 
stats, Fig. 30, toward their upper or open posi 
tions. In response to this movement of the thirot 
tles the manifold pressure motor control circuits 
of Fig. 4 are controlled to rotate the shafts 520 
and 525 to new positions thereby readjusting the 
potentiometers RMP4 and LMP4 to control the 
R. P. M. motor control circuits of Fig. 40 to l'otate 
the shafts 5i Gi and 515i to new positions. With 
the readjustment of the potentiometers RRP5 
and LRP5 the tachometer motor control circuits 
of Fig. 47 are operated to increase the Speed of 
the tachoineter generators RTG and LTG result 
ing in the tachometers on the pilot's, flight engi 
neer's and instructor's desk instirument panels 
indicating an increase of engine Speed. The 
throttles are thus operated until engine Speeds 
of 1900 revolutions per minute are indicated. 
To determine if both of the magnetOS aSSOci 

ated with the right engine are functioning, the 
pilot first turns the right, engine ignition key 306, 
Fig. 30, to the position in which ground is removed 
from the R terminal, but remains Connected to 
the Li terminal. This causes the shunting down 
of the IGL relay 566. Of Fig. 56, resulting in the 
removal of resistances 5632 and 5633 from the 
potential divider including resistances 5632, 56.33 
and 5634, connected into the previously traced 
control circuit for the right engine R. P. M. notor 
control circuit of Fig. 40, resulting in a readjust 
ment of the potentiometers controlled thereby 
whereby the right engine tachometer generator 
RTTG is SloWed down to cause the tachometers tO 
indicate a right engine speed of 1800 or 1850 revo 
lutionS pel inminute. The right engine ignition key 
is now turned to the position in which ground is 
removed from the Il terminal but is connected to 
the R terminal. This causes the shunting down 
of the IGR relay 5333 of Fig. 56 resulting in the 
removal of resistance 5632 from the potential 
divider including resistances 5632, 5633 and 5634 
connected into the control circuit for the right 
engine R. P. M. motor control circuit. No change 
in the indicated R. P. M. Will be noted if both 
III lagnetOS alre functioning. The ignition key is 
then moved to the both position in which the IGR 
and IGL relays 5633 and 5604 are both operated 
lesulting in the return of the R. P. M. indicators 
to read 1900 R. P. M. These operations are then 
repeated with the left engine ignition key 30 5. 

In the pilot's pedestal, Fig. 18, the wing flaps 
key 820 is moved to the down position where 

: upon Shunting ground from conductor 3302 con 
nected over the lower contacts of WF relay 804, 
over the contacts of key 820, conductor 82, 
over the normal contacts of limit Switch T64, 
over the left back contact of relay 765, is con 
nected to the left shaded pole winding 766 of 
motor 769. The main Stator Winding 767 of this 
notor is energized from the 115-volt, 60-cycle 
Supply source of the trainer and with the left 
shaded pole winding shunted, the notor 769 
through the reduction gear box 768 drives the 
Shaft, S in a clock Wise direction. The rotation 
of shaft 76C through the unity ratio bevel gears 
62 has also rotated the shaft 63 to move the 

brushes of the potentiometers WFP6 to WFP, 
inclusive, controlled thereby toward the No. 3 
terminals of their windings. 
The pilot holds the key 820 in its down posi 

tion until the wing flaps indicator 525 on the 
copilot's instrument panel indicates a Wing flap 
deflection of about 20 degrees when he will Open 
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the key thereby removing the shunting ground 
from conductor 82 to stop the Wing flaps motor 
769. The indicator f 525 is controlled by a mag 
nesyn receiver 527, the junction points between 
the stator windings of which are connected over 
contacts of the previously operated relay 524 
and conductors 528, 529 and 530 with the 
junction points of the continuous Winding of 
potentiometer WFP6 driven by shaft 760 of the 
wing flaps motor control circuit. The diametri 
cally positioned brushes of this potentiometer are 
connected to battery and ground respectively. 
Branches of conductors 528, 529 and 530 

are also connected to the junction points between 
the winding of the magnesyn receiver 90, the 
rotor of which is connected to the Wing flaps 
position indicator 9 l l mounted on the instruc 
tor's instrument panel, Fig. 19, whereby the in 
dicator 19 It is also controlled by the potenti 
ometer WFP6 to indicate the position into which 
the pilot has set the Wing flaps preparatory to 
the take-off. 
The pilot now gradually moves both throttles 

of the overhead equipment for Ward Whereby the 
brushes of variacs 309R and 309L included in 
the control circuits of Fig. 52 of the manifold 
pressure motor control circuits, Fig. 41, previously 
traced, are moved towards their upper Or open 
throttle positions. As a result the shafts 40, 
520 i and 460, 525 of the manifold pressure 
notor units aSSune new positions resulting in 
the readjustment of the RMP4 and LMP4 po 
tentioneters included in the control circuits of 
the R. P. M. motor control circuits of Fig. 40. 
The Shafts 50 and 55 of the R. P. M. motor 
units now assume new positions resulting in the 
readjustment of the potentiometers controlled 
thereby including the potentiometers RRP5 and 
LRP5. The readjustment of the latter potenti 
ometers resultS in an increase in Speed of the 
tachometer generators RTG and LTG. The 
movement of the shafts 4f O and 460 operates 
the transmitting autosyns driven thereby where 
by the manifold pressure indicators 1724, 232T 
and 28t G on the pilot's panel, Fig. 17, at the in 
structor's desk, Fig. 23, and on the flight engi 
neer's instrument panel, Fig. 28, are driven by 
their aSSociated autosyn receivers to indicate an 
increase of manifold pressure for each engine to 
about 44 inches of mercury. 
The propeller governor controls of the over 

head equipment are now adjusted thereby ad 
justing the aiSSociated rheostats 3 0 2 and 30 ? 3, 
Fig. 30, included in the previously traced control 
circuits for the R. P. M. motor control circuits 
until the two engines are running at Substantially 
the same speed of 2650 R. P. M. as will be indi 
cated by the similar readings of the right and 
left engine tachometers 22 and 723 at the 
pilot's instrument panel. The right and left 
engine tachometers 2522 and 2523 at the instruc 
tor's desk and the right and left engine tacho 
meters 285 and 284 on the fight engineer's 
instrument panel will read similarly. The as 
sociated synchroscopes 726, 2524 and 2816 will 
revolve as little as possible when the engines 
are substantially Synchronized. 
As the R. P. M. motor control circuits set the 

shafts 40 0 and 4060 in the new positions com 
mensurate with the increased engine speeds, the 
sound effects circuits are controlled to produce 
the increased noise of the engines, the Speeds of 
the vibrator motors are increased, and new posi 
tions are given to the fuel flow shafts 480 and 
485, to the V/ND shafts 490 and 4951, to the 



2,584,281 
49 

brake horse-power shafts 500 f, and 505 ?, to the 
R. P. M. memory shafts 540 and 545, to the 
propeller pitch shafts 550 and 555, to the brake 
mean effective pressure shaft 530 and to the 
thrust horse-power shafts 535i and 79 in the 
manner previously described. 
The pilot now pulls the yoke 4f towards him 

nearly as far as it will move since this is neces 
sary in an actual aircraft to cause the nose of 
the aircraft to lift in order to assist it to rise up 
on the step. Until it is riding on the step the 
water drag would hold the air speed down too low 
for the aircraft to become air borne. Moving 
the yoke back rotates the shafts 44 and 305 
and thereby moves the brush of yoke potenti- i; 
ometer YP2 toward the junction point 6 of 
its winding. The pilot may if he wishes attain 
the same result by turning the elevator trim 
Wheel ET thereby adjusting rheostat, ETR, which 

... controls the elevator trimming motor control 
circuit 600 of Fig. 16 to operate the elevator 
trimming mechanism 57 in the manner fully 
described in the Bohman el al. Patent 2,519,233. 
The trimming mechanism 5 T in turn will cause 
the yokes 4 and 51 f to move toward the 
pilots' seats. 
The trainer is now simulating an aircraft mov 

ing over the Water at an indicated air speed of 
approximately 30 knots as will be indicated by the 
indicated air speed indicators 43 and 53 on ; 
the pilot's and copilot's instrument panels. A 
similar air speed indicator 93 at the instructor's 
desk and a similar air speed indicator 23 at the 
navigator's station, Fig. 27, will also be operated 
to indicate an air speed of 30 knots. 
cators are driven by associated autosyn receivers 
f432, 532, 932 and 2732, the rotor windings of 
autosyns 432 and 532 being energized by 400 
cycle current from the bus bars 400C and 400G 
over the inner back contacts of relay 430 and 
the rotor winding of autosyn 932 being energized 
from bus bars 400C and 400G. The rotor Wind 
ing of autosyn. 2732 is energized in parallel with 
the rotor winding of autosyns í 432 and 1532, over 
conductors í 428 and i 429 and conductors 2752 
and 2753 of cable 2750. The receiving autosyns 
are driven by the transmitting autosyn 225, the 
rotor winding of which is energized from the 400C 
and 400G bus bars and the stator windings of 
which are connected with the stator windings of 
the receiving autosyns 432, 532 and 2732 over 
conductors 226 and 1227 and over the back con 
tacts of relay 430 and are connected with the 
stator windings of the receiving autosyn 932 over 
branches of conductors (226 and f 227. 

Until the simulated speed of take-off exceeds 
30 knots the switch 2t2 of the indicated air speed 
motor control circuit of Fig. 12 is maintained 
closed thereby establishing a circuit from ground 
thereover, over conductor 213 and through the 
winding of the H (hump) relay 602 to battery, 
which relay upon operating causes the operation 
of Hi? relay 603. With the simulated aircraft on 
the Water the potentiometer brushes driven by the 
altimeter motor control circuit will be adjacent 
the No. 1 terminals of their windings, the limit 
switch 263 will be operated to its alternate posi 
tion and when the altimeters register zero alti 
tude, the switch 268 will be in its alternate posi 
tion, and therefore relay 24 will be operated 
over a circuit extending from ground over the 
alternate contacts of switches 263 and 268, 
through the winding Frelay 24, which operates, 
in turn closing a circuit from ground over its 
outer right front contact, conductor 25 and 
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through the winding of F relay 552 associated 
with the rate of climb circuit, Fig. 5. 
With relays 602 and 24 both operated, poten 

tial is applied to the control conductor 26 which 
approximates the effective thrust during the sim 
ulated take-off run. This potential is applied 
from the bus bar 40p , over the left front contact 
of BHP-ON relay 3962 of Fig. 39 which operated 
when the lower limit switch 3963 closed its right 
contact when the shaft 3960 was moved from its 
normal position by the operation of the left engine 
BHP motor control circuit, Fig. 39, over the left 
front contact of BHP-ON relay 392 which op 
erated When the lower limit switch 393 closed its 
right contact when the shaft 390 was moved 
from its normal position by the operation of the 
right engine BHP motor control circuit, thence 
over conductor 394 and through the winding of 
the thrust horse-power potentiometer TPT to 
ground. From the brush of this potentiometer 
a potential is derived which is applied over con 
ductor 604, over the left No. 2 front contact of 
F relay 24, over conductor 27, through the 
weight potentiometer WP4, over the upper No. 1 
front contact of H relay 602 to the junction point 
6 i? on the yoke potentiometer YP2, thence over 
the left or 14 per cent portion of the potentiom 
eter winding and through resistance 605 to ground 
and in parallel through the remaining 86 per cent 
of the potentiometer winding and through resist 
ance 606 to ground, The brush of this poten 
tioneter derives a potential which is applied 
through resistance 607, resistance 608 and over 
the lower No. 1 contacts of H relay 602 to ground, 
and in parallel with resistance 608, through re 
sistance 60 to control conductor 26. It is to 
be noted that this potential. is made dependent 
upon the Weight potentiometer WP4, upon the 
thrust horse-power output of the two propellers 
as indicated by the thrust horse-power potentiom 
eter TP7 and upon the position of the yokes i 4 
and 5 which determine the setting of the brush 
of yoke potentiometer YP2. 
The Weight potentiometer WP4 has been ad 

justed by the shaft 77 through the unity ratio 
bevel gears 76 from the shaft 360 driven by the 
motor of the weight motor control circuit, Fig. 13, 
which circuit is controlled over control conductor 
362, through resistance 363, conductor 364 to 
the brush of the weight rheostat WCR at the 
instructor's desk which it will be recalled has been 
set for an assumed weight of the aircraft of 45,000 
pounds. For applying potential over the circuit 
just traced, the winding of rheostat WCR is ener 
gized Over a circuit from ground through the 
potentiometer winding in parallel with resistance 
912, through resistance 9 3 to the 40 pi bus bar 
whereby potential of phase p f is applied to the 
control conductor 362. When the shaft 77 has 
positioned the brushes of the potentiometers asso 
ciated therewith in a rotational position corre 
Sponding to the assumed weight of 45,000 pounds, 
the brush of balancing potentiometer WP3 will 
apply potential of phase p2 through resistance 
720 to control conductor 362 whereupon the 
motor of the weight motor control circuit will stop 
the rotation of shaft 7 fl. Potential of phase p2 
impressed upon the brush of potentiometer WP3 
is derived from the winding of such potentiometer 
which is energized over a circuit from ground 
through its winding in parallel with resistance 
72 to the 40 p2 bus bar. 
The thrust horse-power potentiometer TP7 has 

been adjusted as previously described by the 



2,584,261 
51 

movement of shaft T 9 in accordance with the 
thrust horse-power developed by both propellers. 
As the shaft 60 is rotated by the motor M2 

of the indicated air Speed motor control circuit 
to a degree commenSurate With the Simulated in 
stant speed at which the aircraft is moving in 
the water, a potential of phase sp2 is applied to 
the control conductor 26 under the control of 
the valiacs IASW and IASW2 in an attempt to 
balance the potential of phase p which has been 
applied under the control of the yoke potention 
eter YP2. AS the condition of balance is ap 
proached the motor Mf 2 slows down. To attain 
the condition of balance potential of phase p2 is 
applied from bus bar 40 p2 through the winding 
of variac IASW, a potential derived therefrom is 
applied across the winding of variac IASW2 and 
the potential derived at the brush of the latter 
variac is applied over conductor 63, through the 
winding of potentiometer AAPI, over the brush of 
potentiometer AAP2 which is at this time at the 
No. 1 terminal of its windings through resistance 
66 to control conductor 26. Potential of phase 
p2 is also derived from the variacs and applied 
over conductor 63, 
through the winding of Wing flaps potentiometer 
WFP8, over the brush of such potentiometer and 
resistance 65 to control conductor 2 6. Since the 
F relay (2 4 is at this time operated, no ground 
potential is applied to the No. 1 terminals of 
potentiometers AAP, AAP2 and WFP8 and since 
the brushes thereof are at the No. 1 ends of their 
Windings, these potentiometers have no potenti 
ometer action at this time but serve only to in 
troduce resistance into the balancing circuits just 
traced. Therefore the brushes of the indicated 
air speed variacs serve to control the increase of 
the phase p2 balancing potential. 
As soon as a simulated speed of Substantially 

28 knots is reached, at which speed an aircraft ; 
should be riding on the step, the cam operated 
contacts 22 will open thereby releasing the H 
relay. 602 and the Hi relay 603. With H relay 
602 now released the circuit previously traced 
from the brush of the weight potentiometer WP4, 
over which potential of phase p was applied to 
control circuit 26 of the indicated air speed mo 
tor control circuit, is transferred over the upper 
No. 1 back contact of relay 602 to the junction 
point 612 of the yoke potentiometer YP2 and 
thence as traced through 44 per cent of the wind 
ing of this potentiometer and resistance 605 to 
ground and in parallel through 56 per cent of the 
winding and resistance 606 to ground. The brush 
of this potentiometer is now connected through 
both resistances 608 and 609 to ground and also 
through resistance 60 to control conductor 26. 
With relay 602 released the shunt of resistance 
609 is removed so that now the leak resistance 
from the brush of potentiometer YP2 is increased 
and consequently the potential of phase pi ap 
plied from the brush through resistance 60 to 
control conductor 26 is maintained at substan 
tially the value it was prior to the release of re 
lay 602 and the transfer of the input potential 
from the junction point 6 to the junction point 
62 on the winding of potentiometer YP2. 
The pilot now pushes the yoke 4f away from 

him gradually or causes the yoke to so move by 
the adjustment of the elevator trim wheel ET 
whereupon the brush of potentiometer YP2 moves 
slowly from the junction point 6 toward the 
junction point 62 and the potential of phase pf 
applied to the control conductor 2 6 is gradu 

through resistance 64, 
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air speed motor control circuit will thereupon 
again rotate the shafts 20 and 60 until the air 
speed indicators 43 and 53 on the pilot's and 
copilot's instrument panels indicate an air speed 
of 85 knots or more. Similar instruments 73 
and 93 i om the navigator’s and instructor’s in 
strument panels will. Similarly indicate, an air 
speed of 85 knots or more. 
In response to the movement of the indicated 

air speed shaft 60, the brush of potentiometer 
IASP4 is adjusted thereby to control the true air 
speed motor control circuit of Fig. 7. This cir 
cuit is controlled by a potential representing the 
Solution of the indicated air Speed, and the alti 
tude and converts the indicated air speed to true 
air speed. This is necessary since various equa 
tions relating to the operation and flight of an 
aircraft are based upon true air speed rather than 
upon indicated air speed. The true air speed be 
comes greater than the indicated air speed with 
an increase of altitude in conformity With the re 
duced atmospheric pressure. Although there are 
no instruments showing the true air Speed, the 
potentiometers driven by the true air speed motor 
control circuit serve to modify the potentials in 
troduced into other associated control circuits 
such as the angle of attack, ball, bank, manifold 
pressure, compass, brake horse-power, and the 
flight recorder control circuits. The true air 
speed Vir may be expressed in terms of the indi 
cated air speed VI when the altitude air density is 
pa and the sea level density is p0 by the following 
equation: 

?? — - Vry ?=r, 
To control the true air speed motor control cir 
cuit, potential of phase p f is applied from buS 
bar 40p through resistance 725, through the 
winding of the indicated air Speed potentiometer 
IASP4 to ground and a potential derived there 
from is applied through resistance T26 to con 
trol conductor 728 of the true air Speed motor 
control circuit. In response to this potential the 
motor of this circuit rotates the shaft fo and, 
through the unity ratio bevel gears l í 2, rotateS 
the shaft 73 until the brush of balancing poten 
tiometer TASP10 is so positioned that poten 
tial of phase p2 applied over its brush and 
through resistance 724 to control conductor 728 
balances the 'potential of phase p whereupon 
the rotation of shafts 70 and 73 is arrested. 
The potential of phase p2 is made dependent on 
the setting of the altitude potentiometer AP and 
for this purpose potential from bus bar 40 p2 is 
applied across the winding of potentiometer AP 
and through resistance 722 and the potential 
derived from the brush of this potentiometer, 
which potential will thus vary in accordance with 
the , altitude, is applied through resistance 723 
across the ... winding of potentiometer TASPO 
from the brush of which potential is derived and 
applied to control conductor 728. 
When an indicated air speed of about 85 knots 

is reached the pilot slowly pulls back the yoke 
i4 ft or causes it to move back through the ad 
justment of the elevator trim wheel ET there 
by causing the movement of the brushes of the 
yoke potentiometers YP and YP2 towards the 
No. 3 terminals of their windings until the rate 
of climb indicators f 44 and 54 on the pilot's 
and copilot's instrument panels show an up in 
dication that the aircraft is leaving the water 
and is becoming air-borne. The rate of climb 

ally increased. The motor M. 2 of the indicated 75 indicator f$4 on the instructor's instrument 
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panel is similarly operated. These indicators 
are driven by the associated receiving autosyns 
f442, 542 and 1942, the rotor windings of which 
are energized from the 400C and 400G bu8 bal'S. 
The stator windings of the autosyns 442 and 
452 are connected over conductors 436 and 
437 with the stator windings of the transmitting 
autosyn 6 driven by shaft 60 of the rate of 
climb motor control circuit of Fig. 11, the rotor 
of autosyn i fi 6 í being energized from the 400C 
and 400G bus bars. 
The movement of the yoke 4 causes the ad 

justment of the yoke potentiometer YPi which is 
instrumental in controlling the angle of at 
tack motor control circuit of Fig. 11. The angle 
of attack of an aircraft is the angle which the 
chord line of the wings makes with the flight 
path of the aircraft. The angle of attack cir 
cuit of the trainer is based on a consideration 
of the various moments tending to make an air 
craft nose up or nose down. There are three 
of these moments, the Wing, tail and thrust Ino 
ments. These moments may be expressed by 
the following equations: 
(A) 
Tail moment 

V2 

(B) 
Wing moment 

V 

= K-KCt-Ka (elevator deflection) 

= KCl (horizontal distance to the 
center gravity) 

(C) Thrust moment Thrust horse-power 
W? ? ??12 

In these equations WI represents the indicated 
air speed, WT represents the true air Speed and 
CL represents the coefficient of lift. The cir 
cuit disclosed in the upper portion of Fig. 5 rep 
resents the sum of the three Equations A, B and 
C with a slip stream effect added to the elevator 
or yoke element of the circuit in the form of a 
thrust horse-power potentiometer TP6. 
The elements K1 and K3 of Equation A are 

added together and represented by the resist 
ances 5f 4 and 55 connected between the 4 p. 
and 40 p2 bus bars which supply potential acroSS 
the windings of the yoke potentiometer YP, the 
potential derived at the brush of such poten 
tiometer as determined by the movement of the 
yoke being applied through resistance 55 to 
control conductor 02 of the angle of attack 
motor control circuit. Potential from the brush 
of potentiometer YP is also applied through the 
winding of thrust horse-power potentiometer 
TP6, the potential derived from the brush of 
which is applied through resistance 57 to the 
control conductor to supply the slip stream ef 
fect above referred to. 
The element K2CL is represented by the poten 

tial of phase (p applied through resistance 58 
and winding of the wing flaps potentiometer 
WFPl í from the brush of which a derived po 
tential dependent upon the position of the wing 
flaps is applied through the resistance 59 to 
control conductor O2 and is also represented 
by the potential of phase pf which is applied 
through resistance 520 and through the angle 
of attack potentiometer AAPT from the brush 
of which a derived potential is applied through 
resistance 52 to control conductor 2. 
The element K3CL (horizontal distance to the 

center of gravity) is represented by the potential 
| applied through resistance 522 to control conduc 
tor 1 02. To secure this potential the terminals. 
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of the longitudinal center of gravity rheostat 
LoCGR at the instructor's desk are connected 
through resistances 19 f4 and 1915 with the 40? í 
and 40 gp2 bus bars and the potential derived at 
the brush of this rheostat is applied over con 
ductor 96 through the Winding of the angle of 
attack potentiometer AAP5, the potential derived 
at the brush of which is applied through resist 
ance 522 to conductor 02. 
The element 

is represented by the potential applied through 
resistance 523 to conductor 02. To secure this 
potential, the potential of phase p f is applied 
from bus bar 40p through resistance 524 and 
through the winding of thrust horse-power po 
tentiometer TP8 and the potential derived from 
the brush thereof is applied through the winding 
and over the brush of the indicated air speed po 
tentiometer ISAP9 and through resistance 523 to 
conductor f02, a part of this potential being dis 
Sipated through the leak resistance 525 to ground. 
With the yoke pulled back a potential of phase 
p2 derived at the brush of yoke potentiometer 
YP, the winding of which is bridged through 
resistances 5í 4 and 5 15 across the 40pl and 40qp2 
bus bars, is applied through resistance 56 to the 
control conductor 2. 

In response to the sum of the potentials applied 
to conductor 2, potential of phase p2 predomi 
nating at this time, the motor of the angle of at 
tack motor control circuit is operated to rotate 
the shaft 0 and through the unity ratio gears 
500 to iotate the shaft 59 until the brushes of 
potentionetter's AAP5 and AAP assume positions 
in which the potential of phase (p applied there 
over balances the potential of phase p2. When 
this condition is attained the motor stops and the 
shafts O and 50 will have been set into posi 
tions commensurate with the angle of attack. No 
instruments are directly controlled by the shaft 

0 but potentiometers operated by the shaft 
50 are instrumental in controlling the bank, 
rate of climb and indicated air speed motor con 
trol circuits. Potential of phase p i is applied 
from the 49p bus bar through resistance 520 
and the winding of potentiometer AAP and po 
tential derived at the brush of this potentiometer 
is applied through resistance 52 to control con 
ductor 02. Potential of phase p is also de 
rived from the brush of potentionleter AAF5 and 
applied through resistance 522 to control con 
ductor 92. The winding of potentiometer AAP5 
is connected over conductor 96 with the brush 
of the longitudinal center of gravity rheostat 
LOCGR at the instructor's desk, the winding of 
which rheostat is bridged through resistances 
194 and 95 between the 40p f and 49p2 bus 
bars. Since it has been assumed that the instruc 
tor has set the slider of this rheostat to a thirty 
three per cent position from the No. 3 terminal 
of the winding, potential of phase p will be 
applied over the slider and conductor 95 to the 
Winding of potentiometer AAP5. 
The pilot will note that to pull the yoke f4 

back considerable pressure has been required die 
to the loading applied by the elevator trimming 
mechanism f 57 in simulation of the resistance 
Which Would be encountered in ain actie aircraft 
in the operation of the yoke to execute a climb 
ing maneuver. This loading will increase as the 
air Speed increases. For the purpose of increas 
ing the loading as the air speed increases poten 
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tial of phase p f from bus bar 40 p? is applied 
through resistance 2 9 and the winding of the 
indicated air speed potentiometer IASP3 and the 
potential derived froin the brush there.cf is a - 
plied over conductor 22 and through resistance 
63 to the control conductor of the spring eli 

sioning motor control circuit te03. The motor 
of this control circuit in response to the poten 
tial rotates the drum (G64 and through the cables 
1605, 606 and 67 increases the tension of the 
loading springs of the loading mechanisms 5, 
58 and 59 in a manner fully disclosed in 

the application of Bohman et l. hereinbefore re 
fer''ed t?C. 
The rate Gi climb notor contro circuit is con 

trolled by a patential representing the Solution 
for the vertical accelerating force. In the train 
er this is aSSUNed to be the differenæe betVeet 
the vertical conpoinent of the lift force (whici is 
perpendicular to the wing axis of the aircraft) 
and the weight. Thus the circuit represents equia 
tion 

RC=f(L cos B-VV) dit 
Orr · 

RC= | 2 SC. Vrè cos B- ?)? J V 2 
where p0 is the sea level air density, S is the wing 
area in square feet, CL is the coefficient of lift, B 
is the angle of bank and W is the weight of the 
aircraft in pounds. To this is added a water 
borne effect in the form of the potentiometer 
RCP2 on the late of climb shaft 5 to prevent 
the indication of a high rate of descent when the 
altimeter reads 0. The effect of wing ice may be 
imparted by the wing ice rheostat WIR at the 
instructor's desk as though the weight of the 
aircraft were increased. Full wing ice-on has 
the same effect as the addition of 60,000 pounds 
of weight. The network representing cosine B 
is an approximation. 
As soon as the air speed increases to 28 knots 

and H relay 6C2 has therefore released, poten 
tial of phase p is applied to the contioi con 
ductor if 62 of the rate of climb motor control 
circuit. To accomplish this, potential of phase 
pl is applied across the winding of the indicated 
air speed variac IASVS and a potential derived 
therefrom is applied acroSS the winding of in 
dicated air speed variac IASVT from the brush 
of which potential is applied over conductor 432 
through the winding of wing flaps potentiometer 
WFP9, resistance 532 and the winding of win; 
flaps potentiometer WFPIO to ground. The po 
tentials derived at the brushes of the latter po 
tentiometers are applied across the winding of 
the angle of attack potentiometer APP6. The 
potential derived from the brush of potentiome. 
ter APP6 is applied over conductor 503, over the 
No. 2 left back contact of S (stall) relay ( Oi 
associated with the angle of attack motor con 
trol circuit, over conductor 504, over the uppe; 
No. 2 back contact of H relay 602, over conduc 
tor 595, through resistances 506 and 507 to con 
trol conductor 62 whereby a potential of phase 
p is applied to conductor 62 which increases 
with the increase of the indicated air speed, 
which varies with the position of the wing flas iš 
and varies with the angle of attack. The po 
tentiai applied over conductor 5 through e 
sistance 50S is also applied to the brush of the 
bank potentiometer BKP the winding of which 
is connected at one terminal through resistance 
568 to ground and at the other terminal through 
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resistance 509 to ground. Thus the potentiome 
ter BKPI serves to leak off a certain portion of 
the potential applied at the junction of resist 
ances 506 and 597 and this leak off potential is 
made dependent upon the banking of the simu 
lated flight as will be later described. 
At the same time a potential of phase p2 is 

applied to control conductor 62 under the 
control of the weight potentiometer WP2 and 
the wing ice rheostat WIR at the instructor's 
desk. For this purpose potential of phase 2 is 
applied from the bus bar 40 p.2, over the lower 
No. 2 back contact of H relay 602, over con 
ductor 510, through the winding of weight po 
tentiometer WP2, through resistance 51?, over 
conductor 512 and through the rheostat WIR at 
the instructor's desk to ground. The potential 
of phase p2 derived from potentiometer WP2 is 
applied from its brush through resistance 513 
to control conductor 62 and is in opposition 
to the potential of phase pil applied through re 
sistance 507 as previously described and may 
be varied in accordance with the setting of the 
weight potentiometer WP2 as adjusted in ac 
cordance with the setting of the weight rheo 
stat WRC at the instructor's desk and may be 
increased to add the effect of wing ice through 
the Setting of the Wing ice rheostat WIR at the 
instructor's desk. 

In response to the difference of phase p and 
phase p 2 potentials the motor of the rate of 
climb motor control circuit of Fig. ill will rotate 
shaft Si and through the unity latio bevel 
gears 550 will rotate shaft 55. The motor will 
continue to Operate and rotate the shafts at 
a slow speed so long as the lift force factor rep 
resented by the potential of phase p exceeds 
the down force factor of weight represented by 
the potential of phase p2. It will be noted that 
the indicated air speed variacs IASW6 and IASVT 
determine a potential proportial to Wr, the 
angle of attack potentiometer APP6 modifies 
this potential in accordance with the angle of 
attack and that the weight potentiometer WP2 
Subtracts from this potential in accordance with 
the aSSumed Value of the term W of the equa 
tion hereinbefore stated for expressing the rate 
of climb. - 

The brushes of the rate of climb potentiome 
ters RCP and RCP2 are normally positioned at 
the center of their Windings and when the brush 
of potentiometer RCP moves toward its No. 3 
terminal in response to the simulated climbing 
a potential of phase p2 is applied to control con 
ductor 264 of the altimeter motor control cir 
cuit of Fig. 12 from the brush of potentiometer 
RCPf, over conductor 6f 7 and through resistance 
6.8. This potential is derived from the wind 
ing of the potentiometer which is bridged by 
resistance e!9, the mid-point of which is ground 
ed, and which winding is connected at one ter 
minal through resistance 620 to the 40p bus 
bar and at the other terminal through resist 
ance 62 f to the 40p.2 bus bar. The altimeter 
motor control circuit integrates the rate of climb 
indication. When the rate of climb indication 
shows a climb of 1000 feet per minute, for ex 
2:nple, the altitude motor will drive the shaft 
122 and through the unity ratio bevel gears 
853 will drive the shaft 65 at a rate to increase 
the altimeter reading 1000 feet per minute. On 
a negative rate of climb (dive) when the brush 
of potentiometer RCP is moving toward the 
No. 1 terminal of its winding, and potential of 
phase p f is applied to control conductor 264, 
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the altimeter motor reverses its direction of ro 
tation and revolves at a rate corresponding to 
the rate of climb indication. The rotation of 
shaft 65i through the gears 652, shaft 653 and 
gears 5002, rotates the shaft 5003 as previously 
described. 
The rotation of shaft 260 also adjusts the 

altimeter potentiometer AP5 which, as previously 
described, affects the reading of the outside air 
temperature indicator OT at the instructor's 
desk, 283 on the flight engineer's instrument 
panel and 1526 on the copilot's instrument panel 
to indicate a lowering air temperature as the alti 
tude increases. Shaft f2SO also drives the rotor 
of the transmitting magnesyn 265, the outside 
terminals of the stator windings of which are 
connected to the 400C and 400G bus bars and 

O 
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the junction points between the windings of . 
which are connected over conductors 266 and 
267 to the junction points between the stator 
windings of the receiving magnesyns 452 and 

20 
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through resistance 626 to ground. Potential de 
rived at the junction between resistances 62 and 
628 is applied over conductor 627 and through re 
sistance 130 to control conductor 3 of the pitch 
bar motor control circuit until the aircraft has 
left the Water. As Soon, however, as the air 
borne condition is simulated and H relay 603 is 
released, this potential is increased. 

En response to potential applied to control con 
ductor 3 li i the pitch bar motor control circuit 
causes the motor thereof to rotate the shaft 30, 
and, through the unity ratio bevel gears 704, to 
rotate the shaft 05 in directions indicative of the 
fact that the trainer is executing a climbing or 
nosing up maneuver. As a result of the rotation 
of shaft 705 the pitch bar balancing potentiom 
eter PBP6 is adjusted until the potential derived 
at its brush from its winding, which is bridged 
through resistances 629 and 630 between the 40p 
and 40 p2 bus bars, and applied over conductor 
63 and through resistance 73 to control con 

552 which drive the altimeters on the pilot's and 
copilot's instrument panels. Branches of con 
ductors 266 and 26 are connected to the junc 
tion points between the stator windings of the re 
ceiving magnesyn 952 which drives the altimeter 
95 at the instructor's desk and over conductors 
256 and 25 of cable 250 are connected to the 
junction points between the stator windings of 
the receiving magnesyn 2752 which drives the 
altimeter 275 at the navigator's station. The 
outside terminals of the stator windings of these 
receiving magnesyns are connected to the 400C 
and 400G bus bars. Thus the operation of the 
altimeter motor control circuit of Fig. 12 controls 
the readings of the altimeters. 
The potential of phase p which is applied to 

conductor 67 for controlling the altimeter motor 
control circuit is also applied through resistance 
29 to control conductor 3 of the pitch bar 
motor control circuit. The pitch bar is the hori 
zon of the artificial horizon instrument. Pitch is 
indicated by the displacement of this bar in a di 
rection perpendicular to itself. A true equation 
for pitch is 
Pitch=angle of climbXangle of attack 

Xcosine (bank angle) 

This equation is approximately by assuming that 
the angle of climb is proportional to the rate of 
climb (the proportionality factor being based On 
the average air speed); and by assuming that 
cosine (bank angle) is equal to 1. Thus the 
equation becomes 

Pitcha KXrate of climb-i-angle of attack 

When the trainer is simulating the on-the-water 
condition the effect of the angle of attack is 
halved to provide a somewhat closer simulation 
of a water-borne condition. 
The potential of phase p applied through re 

sistance 729 is supplied through the rate of climb 
potentiometer RCP and therefore this potential 
supplies the rate of climb element of the pitch 
equation. For supplying a potential which varies 
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with the angle of attack and in accordance with 
whether the trainer is simulating an On-the-Wa 
ter or air-borne condition of flight, potential 
from the 40p and 40 p2 bus bars applied through 
resistances 622 and 623 across the winding of the 
angle of attack potentiometer AAP3, is applied 
from the brush of such potentiometer over con 
ductor 624, over the back contact of ASN, relay 
403, over conductor 625, through resistance 628, 
over the front contact of H relay 603 and r 

ductor i 3 l , balances the sum of the potentials 
applied to conductor 3 ?i i through resistances 
729 and 730. When this condition of balance is 
attained the motor of the pitch bar motor control 
circuits stops. The shaft 30 has now rotated 
the rotor of transmitting autosyn 325 to a posi 
tion indicative of the position of the nose of the 
aircraft with respect to the horizon. The rotor 
of autosyn 325 is energized from the 400C and 
400G bus bars and the stator Windings are con 
nected over conductors 326 and 32. With the 
Stator Windings of the horizon bar receiving 
autosyn 462 which drives the horizon bar of the 
artificial horizon instrument 46 which is 
mounted on the pnlot's instrument panel. The 
rotor winding of this autosyn is energized from 
the 400C and 400G bus bars. At this time the 
receiving autoSyn 462 is so operated as to de 
preSS the horizon bar indicating that a climbing 
maneuver is being executed. The Stator Wind 
ings of the transmitting autosyn are also con 
nected Over branches of conductors 326 and 327 
With the stator windings of the horizon bar re 
ceiving autosyn f 962 which drives the horizon bar 
of the artificial horizon instrument 96 at the 
instructor's desk. These instruments 46 and 
96 may be of the type disclosed in the Patent 
No. 2,381,872 granted to C. I. Baker on August 14, 
1945. 
? an actual aircraft on a climbing maneuver 

as the rate of climb increases the air Speed de 
Creases causing a temporary loss of lift, making 
the flight path curve toward the horizon again, 
and this change in the flight path means a 
change in the angle of attack and the aircraft 
noses down until it has recovered cruising Speed. 
By this time the nose has already gone down be 
loW the cruising altitude so that the flight path 
is nearly leveled off. This results in a change in 
the angle of attack thus causing the nose to come 
up again and the aircraft will again climb. This 
cycle will continue to repeat itself unless there is 
a change in the applied power. These oscillations 
are known as phugoid Oscillations. 

In the trainer the angle of attack, rate of climb 
and indicated air speed circuits are so interre 
lated that these oscillations are simulated. As 
the rate of climb slowly goes up and the shaft 
55i rotates the brush of potentiometer RCP to 
ward the No. 3 terminal of its winding, potential 
of phase p2 is applied from the brush thereof, 
over conductor 6f 7, over the No. 4 right back 
contact of S relay if Of, over conductor 03, 
through the thrust horse-power potentiometer 
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TASP6 and through the winding of... weight po 
tentiometer WP and resistance 632 in parallel, 
through resistance 633 to ground. The potentiai 
of phase p2 derived at the brush of potentis.nete: 
WP is applied through resistance 634 to contro 
conductor 26 of the indicated air Speed motC) 
control circuit. This potential opposes the po 
tential of phase to which is derived from the 
winding of the brake horse-power potentiometer 
TPT and applied over conductor 34, the No. 3 is 
left back contacts of F relay 24 , which releases 
as soon as the leaving-the-water position of the 
aircraft was simulated, over conductor 22, 
through resistance 635, over the true air Speed 
potentiometer TASP7 and resistance 636 to 
ground, a derived potential being taken off be 
tween the winding of potentiometer TASP. and 
resistance 636 and applied through resistance 63 
to control conductor f2 i8. As the rate of clini) 
increases the potential of phase sp2 overbalances 
the potential of phase pf and the indicated air 
speed motor control circuit is controlled to cause 
a reversal of the direction of rotation of shafts 
20 and 60 controlled thereby resulting in this 
reduction of the indicated air Speed readings Gn 25 
the air speed indicatol's. 
With a slow reduction of the indicated air 

speed the brush of potentiometer IASPS is moved 
toward the No. 1 winding terminal thereby in 
creasing the potential of phase (p applied froin : 
the brush thereof through resistance 523 to con 
trol conductor 402 of the angle of attack motCr 
control circuit, until a condition of balance With 
respect to the potential of phase p2 applied by 
the yoke potentiometer YPE is reached at Which 
time the rotation of shafts if 0 and 50 ceases. 
With potential of phase p increased above the 

potential of phase p2 applied by the yoke poten 
tioneter YP, the angle of attack motor control 
circuit is operated to rotate the shafts f ( ) and 
50? in a direction indicative of the reduction of 
the angle of attack until a balance of the poten 
tials applied to control conductor 02 is obtained. 
As a further result of the decrease in air. Speed, 
the movement of the brushes of the indicated air 
speed variacs IASPS and IASP7 toward the No. 2 
terminals of their windings decreases the poten 
tial of phase pf applied from the brush of variac 
IASP7 over the circuit previously traced through 
the winding of angle attack potentiometer AFP6 : 
and to control conductor f62 of the rate of 
climb motor control circuit. This potential is 
further slightly reduced by the potentiometer 
APP6 due to the reduction of the angle of at 
tack. Thus this potential is reduced slowly as 
the indicated air. Speed and the angle of attack 
decrease until such potential equals the poten 
tial of phase sp2 applied to control conductor 62 
through resistance 513 under the control of the 
weight potentiometer WP2, indicative of a con 
dition where the lift equals the drag and the 
climbing of an actual aircraft would cease. When 
this condition is attained the notor of the rate 
of climb motor control circuit ceases to operate 
and the shafts í f 6G and 55 f controlled thereby 
cease their rotation. 
The indicated air speed may indeed decrease 

to such an extent that the potential of phase p 
indicatiVe Gf the lift becomes less tham th2 poten 
tial of phase p2 indicative of the drag whereupon 
the motor of the rate of climb motor control cir 
cuit will be operated in the opposite direction 
thereby operating the rate of climb indicators 
to show a decrease in the rate of climb. In re 
Sponse to the operation of the rate of climb mo 
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tor, control circuit the brush. of the rate-of-climb 
potentiometer RCPI is moved back toward the 
No. 1 terminal of its winding thereby decreasing 
the potential of phase p2 applied over such brush 
and as previously stated through resistance 634 
to control conductor 2 6 of the indicated air 
speed motor control circuit. The potential of 
phase (p? applied from the brush of thrust horse 
power potentiometer TP7, over the circuit traced 
through resistance 637 to control conductor 216, 
now overbalances the potential of phase p2 and 
the motor of the indicated air speed motor, con 
trol circuit thereupon operates to rotate shafts 
2fO and 60 l in directions indicative of an in 

a crease in air speed, whereupon the indicated air 
speed indicators will show an increase in air 
speed. 
With an increase in the indicated air speed, po 

tential of phase p applied over the indicated-air 
speed potentiometer IASP9 and through resist 
ance 523 to the control conductor 92 of the 
angle of attack circuit, is decreased whereupon 
the potential of phase p2 applied. Over the yoke 
potentiometer YP overbalances the potential of 
phase pi and the angle of attack motor control 
circuit is operated to indicate an increase in the 
angle of attack. Thereupon the movement of 
brushes AAP and AAP2 towards the No. 3 termi 
nals of their windings increases the potential of 
phase p2 applied from the brush of indicated air 
speed variac IASV2, thence as stated from the 
brush of potentiometer AAP2, through resist 
ance 66 to control conductor 2 il 6 of the indi 
cated air speed motor control circuit. As the in 
dicated air speed increases and the angle of at 
tack increases, the potential of phase p2, applied 
to conductor 26 increases until it balances, the 
potential of phase (p? applied to control conduc 
tor 26 whereupon the motor of the indicated 
air speed motor control circuit arrests the rota 
tion of shafts 20 and 60 and the indicated. air 
speed indicators cease to show an increasing air 
speed. 

In response to the increase in air. Speed. and 
increase in the angle of attack, the lift potential 
of phase gi applied from the brush of indicated 
air sheed variac IASVT over the circuit traced 
over the brush of angle of attack potentiometer 
APP6 and through resistance 507 to control con 
ductor 62 of the rate of climb motor control 
circuit, becomes greater than the potential of 
phase (p2 under control of the weight drag in 
posed by the weight potentiometer WP2 - and 
the motor of the rate of climb motor control cir 

iš cuit is operated to rotate shafts i 60 and 55 
in directions indicative of an increase : in the 
rate of climb whereupon the rate Of climb in 
struments now indicate an increase, in the rate 
of climb. Again, as previously described, the 
movement of the brush of rate of climb poten 
tiometer RCP? will apply more potential of 
phase sp2 to the control conductor 216 of the 
indicated air speed motor control circuit until the 
potential of phase g 2 again overbalances the po 
tential of phase p f on such conductor, and the 
motor of the indicated air speed motor control 
circuit is again operated in a direction to indi 
cate a reduction of air Speed. 
The cycle of Operations of the indicated air 

speed, angle of attack, and rate of climb motor 
control circuit continues to simulate the climbing 
of an actual aircraft in phugoid oscillations until 
the yoke potentiometer YP is moved forward to 
level of the simulated fight, a. 
As soon as the air-borne condition of the 
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flight is simulated, relay 24 associated with 
the indicated air speed motor control circuit is 
released by the opening of the left contact of the 
contact set 263 operated by a cam driven by the 
altimeter shaft 260 through the gears 264. 
Relay 24 upon releasing establishes a circuit 
from ground over its No. 2 right back contact, 
over conductor 568 of cable 5600, through the 
winding of FI, relay 564, Fig. 56, to battery 
and ground, relay 564 remaining operated so 
long as an air-borne or flight condition of a 
flight is being simulated. With relay 564 op 
erated, the operation of the sound effects cir 
cuit of Fig. 58 is modified to simulate the change 
in the Sounds which the pilot hears when an air 
craft takes to the air. 

i 

For this purpose relay 564 establishes a cir 
cuit which may be traced from ground over its 
upper No. 3 contacts, over conductor 5824 and 
through the enabling relay 5825 of the Sound 
effects circuit to battery and ground. Relay 
5825 upon operating removes a short circuit 
from across the input circuit of the dual ampli 
fier tube 5826. For simulating the Wind noise of 
an aircraft in fight, the oscillator tube 582, the 
dual amplifier tube 5826 and the detector tube 
5828 are provided. The oscillator tube 5827 func 
tions with the condenser 5829 to generate a saw 
tooth Wave which, When relay 5825 is energized, 
is impressed upon the input circuit of the dual 
amplifier tube 5826, is amplified thereby and in 
pressed through the volume regulating rheostat 
5830 upon the control grid of the detector tube 
5828, the cathode-anode path through which is 
connected in Series With the primary Winding of 
output transformer 5806. 
applied from the source B58, through resistance 
5809 to the anode bus bar 583 and from this 
bus-bar through resistances 5832, 5833 and 5834 
to the anodes of tubes 5823 and 5827. Direct 
current bias is impressed upon the grid 5835, of 
tube 5828 through resistance 5836 across the Cath 
Ode-anode path through the right unit of the dual 
rectifier tube 586 and through the secondary 
winding of transformer 583 to ground, this cath 
Ode-anode path being bridged acroSS the Sec 
ondary winding of transformer 583 and en 
ergized by potential from the 40 p2 bus-bar im 
pressed through the rheostat 5838 and from the 
brush thereof through resistance 5839 and 
through the primary winding of transformer 
583. 
A potential of phase sp2 is also applied from 

the brush of indicated air speed variac IASW7, 
over conductor 5840, through the winding of 
rheostat 584 and from the brush thereof 
through resistance 5842 and through the primary 
Winding of transformer 583. The filaments of 
tubes 5826, 5827 and 5828 are energized from 
the filament current transformer 5820. 
The output from the oscillator tube 5827, as 

amplified by the tube 5826 and detected by the 
tube 5828 and impressed upon the output of 
transformer 580, simulates the rushing Sound of 
the air when an aircraft is in flight which is 
varied in intensity by the indicated air speed 
variac IASV7 as the air speed increases and 
which rushing sound is superposed on the engine 
explosion noise impressed upon the output trans 
former 58.06 by the detector tube 5805. 
The pilot now operates the aileron and rudder 

trim wheels AT and RT thereby operating the 
associated rheostats ATR and RTR which con 
trol the aileron trimming motor control circuit 
60 and the rudder trimming motor control 
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circuit 602 to in turn control the aileron and 
rudder triinning mechanisms 58 and 59 
So that the indicators of the trainer show that 
there is no tendency to indicate a bank or turn 
in the Simulated flight. This trimming is pro 
duced in the manner fully set forth in the ap 
plication of Bohman-Davis-Germanton herein 
before referred to. The pilot will note that if 
trimming is produced by the operation of the 
trim. Wheels the neutral positions of the aileron 
control Wheels 45 and 55 and of the rudder 
control pedals 400, 40 and 500, 50 will be 
changed. 
The pilot next operates the wing flaps key 820 

to its up position whereupon a circuit is estab 
lished from ground over conductor 3302, over the 
lower contacts of WF relay 804, through the 
contacts of key 820, over conductor 822, over 
the normal contacts of limit switch 77 of the 
Wing flaps motor control circuit of Fig. 7, over the 
right back contact of relay 765 and through the 
right Shaded pole winding 770 of motor .69 to 
ground thereby shunting Such winding and caus 
ing the motor 769 to operate and through the re 
duction gear box 768 to rotate the shaft 60 in a 
Counterclockwise direction thereby moving the 
brushes of the potentiometers WFP6 to WFP, 
inclusive, toward the No. 1 terminals of their 
windings. The pilot holds the key 820 in its up 
position until the wing flaps indicator f325 on the 
pilot's instrument panel indicates a zero reading 
when he will open the key thereby removing the 
shunting ground from conductor f 822 to stop the 
wing flaps motor 769. The wing flaps position 
indicator 9 mounted on the instructor's desk 
will also indicate the zero position of the wing 
flaps. 
When the altimeter reads an altitude of 1000 

feet the governor controls of the overhead equip 
nent are adjusted until the right and left en 
gine tachometers ?722 and ?723 on the pilot's 
instrument panel indicate engine speeds of 1800 
revolutions per minute and the synchroscope 726 
indicates that the engines, are synchronized at 
that speed. The tachometers 2522, 2523 and the 
Synchroscope 2524 at the instructor's desk and 
the tachometers 28 f4 and 285 and synchroscope 
286 on the flight engineer's instrument panel 
Will now show similar readings. The throttles 
of the overhead equipment are then moved back 
until the manifold pressure indicator f 24 on the 
pilot's instrument panel indicates a manifold 
pressure of each engine of 27.5 inches of mercury 
at Which time the manifold pressure indicators 
2327 and 280 at the instructor's desk and on 
the flight engineer's instrument panel will indi 
Cate the Same pressures. The manner in which 
the manifold pressure, R. P. M. and other moto 
control circuits respond to these controls has 
been previously described. 
To simulate leveling off the flight at 1000 feet 

altitude the yoke 4 is pushed forward until 
the rate of climb indicators 44 and 54 indi 
cate a zero rate of climb, or this may be accom 
plished through the operation of the elevator trim 
wheel ET until no pressure is exerted on the yoke. 
If necessary, the aileron and rudder trim wheels 
AT and RT are operated further until there is no 
tendency for the instruments of the trainer to 
indicate a banking or turn in the simulated flight, 
when no pressure is exerted on the aileron or rud 
der controls. Moving the yoke forward moves 
the brush of yoke potentiometer YP toward the 
No. 3 terminal of its winding thereby reducing 
the potential of phase p2 which has been applied 
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over such brush to control conductor iO2 of the 
angle of attack motor control circuit, to cause the 
motor of such circuit to operate in the reverse di 
rection thereby moving the brush of angle of at 
tack potentiometer AAP6 towards the No. 1 ter 
minal of its winding to reduce the potential of 
phase gi applied to the control conductor f 162 of 
the rate of climb motor control circuit. This re 
duction of potential is instrumental in causing 
the motor of such circuit to rotate the shaft i? 63 
in such a direction as to cause the rate of climb 
indicator pointers to move back toward their 
Zero positions. 

Changing miacture to cruising lean 
At the fight engineer's station the mixture 

control switches 296 and 297 are now operated 
into engagement with their upper or cruising lean 
mixture contacts. With switches 298 and 29 it 
thus set circuits are established from ground over 
the upper contacts of switches 2925 and 2926, over 
the upper contacts of switches 23 and 23 ii, 
conductors 289 and 2892 of cable 2839, to bat 
tery through the winding of the LN relay 5653 
of the right engine control circuit, Fig. 56, and to 
battery through the winding of the similar LN 
relay of the left engine control circuit of Fig. 45. 
The operation of the switches opens the previ 
ously traced circuits for the rich mixture lamps . 
2208 and 2209 at the instructor's desk and the 
Operation of the LN relays establishes circuits fol' 
the lean mixture lamps 224) and 224 f. The cir 
cuit of lamp 224 may be traced from battery 
through such lamp, over conductor 5662 of cable 
5600 and over the inner lower contacts of LN re 
lay 5653 to ground. A similar circuit is estab 
lished for lamp 224, over conductor 4562 of cable 
4500 to ground over a contact of the LN relay (not 
shown) of Fig. 45. The instructor is thus in 
formed of the fact that the flight enginee' has 
changed the engine mixtures from rich to cruis 
ing lean. - 
With the mixture thus changed the operation 

of LN relay 5653 for the right engine connects 
resistance 5665 in Series With resistance 5663 in 
the potential divider extending over conductor 
5664, through resistances 5766 and 5746, through 
the winding of potentiometer 5775 and resistance 
545 to ground, whereby the potential applied to 
the input of the control circuit of the cylinder i 
and oil temperature motor control circuit is de 
creased to cause the right engine oil temperatule 
indicator 2308 and the right engine unit of the 
cylinder temperature indicator 232 at the in 
structor's desk and the right engine oil tempera 
ture indicator 28f 8 and the right engine unit of 
the cylinder temperature indicator 2839 on the 
flight engineer's instrument panel to show de 
creased temperature readings. The operation of 
the corresponding IN relay of the left engine con 
trol circuit of Fig. 45 likewise causes the left 
engine oil temperature indicator 232 and the 
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left engine unit of the cylinder temperature in- . 
dicator 232 at the instructor's desk and the left 
engine oil temperature indicator 287 and left 
engine unit of the cylinder temperature indicator 
2839 on the flight engineer's instrument panel 
to show decreased temperature readings. 
At its inner transfer contacts LN relay 5553 re 

moves the 6000-ohm resistance 565i from its 
series connection with resistance 5652 and con 
nects resistance 565 in series between the brush 
of altimeter potentiometer AP and the control 
conductor 4803 of the right engine fuel flow motor 
control circuit whereupon this control circuit is 
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controlled to operate the transmitting autosyn 
3725 driven by its shaft 370 to cause the right 
unit of the fuel flow indicator 2329 at the in 
Structor's desk and the right engine fuel flow 
indicator 2806 on the flight engineer's instrument 
panel to indicate a reduction in the fuel flow to 
950 pounds per hour. The corresponding LN re 
lay of Fig. 45 similarly controls the left engine 
fuel flow motor control circuit whereby, the left 
unit of the indicator 2329 at the instructor's 
desk and the left engine fuel flow indicator 2805 
at the flight engineer's instrument panel indi 
cate a fuel flow of 950 pounds per hour. 
At its upper transfer contacts LN relay 5653 

removes the 45-ohm resistance 5657 from its 
series connection with resistance 5658 to ground 
and connectS resistance 5657 in series in the con 
nection from the 40p bus-bar, over the upper 
No. 1 contacts of EST relay 5616, through re 
sistance 5657, over the upper front contacts of 
relay 5653, thence over conductor 5659 through 
the winding of the potentiometer RMP? in the 
control circuit of the right engine brake horse 
power motor control circuit thereby causing the 
motor of the brake horse-power motor control 
circuit to operate the shafts 390 and 500 to 
adjust the potentiometers controlled thereby in 
a direction indicative of a reduction in the brake 
horse-power output of the right engine. The cor 
responding LN relay of the left engine control 
circuit of Fig. 45 similarly controls the left engine 
brake horse-power motor control circuit to op 
erate shafts 3960 and 505 to adjust the potenti 
ometers controlled thereby in a direction indica 
tive of a reduction in the brake horse-power out 
put of the left engine. 

Stopping the auciliary power plant 

The engines should now be operating at their 
best efficiency for the selected speed. Since the 
engines, through the generators driven thereby, 
are supplying the power for operating all of the 
auxiliary apparatus of the simulated aircraft, the 
operation of the auxiliary power plant is no 
longer necessary and the flight engineer may now 
stop the auxiliary power plane by opening the 
auxiliary power plane ignition key 3 if thereby 
opening the locking circuit of EST relay 3 23 
which releases and removes ground from con 
ductor 3 ? 2 of cable 300 to extinguish the 
auxiliary power plant ignition-on lamp 223 at 
the instructor's desk. Relay 3 ? 23 upon releasing 
removes ground from conductor 3 ? 24 of cable 
3f 00 thereby extinguishing the auxiliary power 
plant starter-run lamp 225, opens the circuit of 
APPG relay 3f25 which releases, opening the pre 
viously traced circuit through the auxiliary gen 
erator ammeter 335 on the flight engineer's 
power panel and through the ammeter 2297 at the 
instructor's desk and opening the circuit extend 
ing over conductor 3 (32, through the winding of 
ST relay 3604 of the auxiliary engine oil and 
cylinder temperature motor control circuit of 
Fig. 36. 
Relay 3604 upon releasing establishes over its 

upper No. 1 back contact a shunt of the shaded 
pole winding 3634 of the oil temperature motor 
3620, such circuit extending over the normal con 
tact of the L limit switch 3635. The motor 3620 
thereupon operates to rotate the shaft 3622 in 
Such a direction as to return the brushes of po 
tentiometers 3600 and 360 towards the No. 1 
terminals of their windings. When the brushes 
reach the No. 1 terminals the limit switch 3635 
operates to open the shunt of winding 3034 
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whereupon the motor 3620 stops. In the nor 
nal position of shaft 3622 the L2 limit switch 
contacts 36ft are again closed. The movement of 
the brushes of potentiometers 360 and 360 
causes the auxiliary power plant oil temperature 
and cylinder temperature indicators APPO and 
23 at the instructor's desk and the oil tempera 
ture and cylinder temperature indicators 282 
and 2838 at the flight engineer's instrument panel 
to return to normal, 

Relay 364 upon releasing also releases the 
Trelay 3608 and the NP relay 3609 whereupon 
potential of phase p f is applied from the right 
portion of the secondary winding of transformer 
T36, over the lower No. 1 back contact of relay 
3604, over the Ll limit switch 365, through re 
sistance 396 and the rotor circuit of motor 3605 
whereupon the motor is operated to rotate shaft 
362 back to its normal position in which the can 

: carried by such shaft will open the It limit switch 
contacts 365 to stop the motor. The return of 
shaft 362 to normal permits the L2 limit switch 
contacts 30 to close and rotates the rotor of 
the transmitting autosyn 363 to its normal posi 
tion whereupon the auxiliary power plant oil : 
pressure indicator 235 at the instructor's desk 
and the corresponding oil pressure indicator 2807 
on the flight engineer's instrument panel return 
to normal. 

Simulation of a correctly eacecitted turn to the 
right 

Preparatory to executing a turn the pilot sets 
the gyro directional compass AT to agree with 
the remote reading magnetic or steering compass 3 
420. At the instructor's desk the directional gyro 
9 is also set to agree with the remote reading 
magnetic or steering compass 92. The gyro 
directional compasses, f f and 9f used in the 
trainer may be of the type disclosed in Patent No. 
2,379,869 granted to C. I. Baker on July 10, 1945. 
The pilot now pushes the right rudder pedal 0. 
forward and rotates the aileron control wheel 
f4 f5 in a clockwise direction. As a result of the 
depression of the right rudder pedal 146 í, the i 
shaft 498 is rotated thereby causing the rota 
tion of shaft 33 and the movement of the Orush 
of the rudder potentiometer RP toward the No. 1 
terminal of its winding. As a result of the move 
ment of the aileron wheel is the shaft 8 
is rotated causing the rotation of shaft, 37 and 
the movement of the brush of the aileron po - 
tentiometer ATP toward the No. 3 terminal of its 
winding. 
The turning circuits, that is, the rate of turn, ; 

bank and ball notor control circuits of Figs. 3, 4, 
9 and 10 interact with each other in accordance 
with , the various turning ovements resulting 
from the manipulation of the rudder and aileron 
COIt’OS. 
the difference in thrust between the right, and 
left engines. The rate of turn notor control cir 
cuit of Fig. 10 is controlled by potential applied 
to control conductor G. For this purpose po. 
tential of phase p derived in accordance with 
the function W or the square of the air speed, 
from the indicated air speed variacs ASW6 and 
ASW is applied from the brush of variac ASW 
to the No. 1 terminals of the windings of rudder 
potentiometer RP and 
ALP and potential of phase p2 derived in ac 

* Cordance yªyith the function i V2 fron the , iiij - 
cated air Speed variac ASV and . ASV? is ap 
pie fO tie ius of vari?c ASV2 to the NG. 3 
terminals of the Windings of potentiometers RP 

In addition the circuits are affected by 

ailerom potentiometer 
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and ALP. Normally the brushes of the latter 
potentiometers stand at the center points of their 
"Windings and no potential is therefore derived 
from the brushes thereof. However, with the 
brush of potentiometer RP assumed to have been 
moved toward the No. 3 terminal of its winding, 
a potential of phase p2 will be applied over the 
brush of Such potentiometer and the lower back 
contact of ASN relay 404, which is unenergized 
When the aircraft is in motion, thence through 
resistances 42 and 422 to ground. From this 
potential divider at a point ahead of resistances 
42 and 422 potential is applied through resist 
ance 45 to control conductor OG 
Opposing the turning effect, potential is ap 

plied from the brush of the rate of turn po 
tentiometer RTP3, over conductor 406, through 
the potential divider comprising resistances 407 
and 408 to ground over the upper No. 2 back con 
tact of ASN relay. The potential derived from 
the junction point between resistances 40 and 
408 is applied through resistance 409 to control 
conductor 96. The winding of potentiometer. 
RTP3 is shunted by resistance 33, the mid-point 
of Which is grounded and is bridged through re 
sistances 34 and 315 between the 40p and 40.p2 
bus-bars. If potential of phase sp2 is applied to 
control conductor 96 under the control of the 
rudder potentiometer RP and the motor of the 
rate of turn circuit of Fig. 1 is operated to turn 
shafts 69 and 45 in a direction indicative of 
the turn to starboard and therefore the brush of 
the rate of turn potentiometer RTP3 is operated 
toward the No. 3 terminal winding, the potential 
Of phase p will be applied from the brush of this 
potentiometer to oppose the turning effect. 

If both engines are so operating as to deliver 
the same horse-power they will not affect the 
turning effect. If it be assumed, however, that 
the left engine is delivering more power than the 
right engine this engine will cause the turning 
effect toward the right to be augmented and this 
augmented effect will increase as the air speed 
increases. To produce this effect on the rate of 
turn motor control circuit, potential of phase of 
is applied from the bus-bar 49p , through the true 
air Speed potentiometer TASP3 and resistance 
4f0 and thence in parallel through resistance 4 if 
and the winding of brake horse-power potention 
eter RBP9 to ground, and the potential of phase 
p? derived at the brush of potentiometer RBP9 
is applied through resistance 42 to control con 
ductor f06. At the same time potential of phase 
p2 is applied from the bus-bar 40 p2 through the 
true air speed potentiometer TASP8, through re 
sistance 43 and thence in parallel through re 
sistance 44 and the winding of brake horse 
power potentiometer LBP9 to ground and the po 
tential of phase sp2 derived at the brush of 
potentiometer LBP9 is applied through resistance 
45 to control conductor G6. With both en 
gines delivering the same power these phase p 
and phase p2 potentials will balance but if, as 
aSSumed, the left engine is delivering more power 
than the right engine, the potential of phase sp2 
Will be greater than the potential of phase p? 
thereby augmenting the potential of phase sp2 as 
Sumed to have been applied to control conductor 
í f by the operation of the right rudder pedal. 
Another factor which affects the turning effect 

is due to skidding or a turn executed with insuf 
ficient bank or due to side slipping or a turn exe 
cuted with too much bank either of which in an 
actual aircraft would cause a displacement of the 
ball indicator. This factor is expressed as a po 
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tential of either phase pil or phase p2 applied to 
control conductor C6 from the brush of the ball 
potentiometer BLPT. The Winding Of this poten 
tioneter is bridged by resistance 39, the mid 
point of which is grounded, and is bridged acroSS 
the 40p and 40 p2 bus-bars through resistances 
32 and 322 and the potential derived at its 
brush. When the brush moves from its normal cen 
tral position is applied through resistances. 320, 
over conductor 323 and through resistances 46 
and 47 to ground. From the point on this po 
tential divider between resistances 320 and 46, 
potential is applied through resistance 48 to 
control conductor 6. If the turn has been 
executed properly no potential will be applied 
from the brush of potentiometer BLP7 to con 
ductOr il C6 i Since the brush Will not have been 
moved by the bank notor control circuit from 
its normal central position with respect to the 
winding. If it be assumed, however, that the 
turn is being executed with insufficient bank 
then the brushes of ball potentiometers BLP6 and 
BLP will have been moved toward the No. 1 
terminals of their windings to indicate a skid on 
a right turn and therefore potential of phase (pf 
Would be applied to conductor 06 to oppose the 
turning effect. On the other hand, if it were as 
Sumed that the turn is being executed with too 
much bank then the brushes of ball potentiom 
etel's BLPS and BLP will have been moved to- : 
Ward the No. 3 terminals of their windings to 
indicate a side slip on a right turn and there 
fore potential of phase p2 would be applied to 
conductor OS to augment the turning effect. 

In response to the sum of the potentials ap 
plied to control conductor 06, the rate of turn 
motor control circuit is operated to cause the ro 
tation of shafts 060 and 45 and the rotation of 
the rotor of the transmitting autosyn 062. The 
rotor of this autosyn is energized from the 400C 
and 49G bus-bars and the stator windings are 
Connected Over conductors 63 and 0.64 With the 
stator windings of the receiving autosyns 482 
and 582 which drive the rate of turn indicators 
of the turn and bank instruments 48 and 58 
On the pilot's and co-pilot's instrument panels 
and over branches of conductors O 63 and 0.64 
With the stator windings of the receiving auto 
Syn 982 which drives the rate of turn indi 
cator of the tulin and bank instrument 98 at 
the instructor's desk. The rotor windings of the 
receiving autosyns 48, 582 and 982 are ener 
gized from bus-bars 400C and 400G. 

In response to the movement of the brush of 
the rate of turn potentiometer RTP3 toward the 
No. 3 telminal of its Winding in response to a turn 
to the right, potential of phase p2 applied to 
control conductor f6 increases until it balances 
the potential of phase p if applied under the con 
trol of the rudder potentiometer RP through re 
sistance 405 to such control conductor, where 
upon the motor of the rate of turn motor control 
circuit Will arrest the rotation of the shafts 060 
and 45 and the further advance of the pointers 
of the rate of turn indicators which will now indi 
cate the rate of turn on a turn to the right. 

In 1'esponse to the operation of the aileron 
Wheel 45 for a right wing down to execute a 
turn to the right, the potential applied from the 
40p and 40q2 bus-bars across the winding of 
the aileron potentioneter ALP under the control 
of the indicated air speed variacs IASVf, IASV2, 
IASW6, IASW is applied as a potential of phase 
g2 from the brush of potentiometer ALP, over the 
the inner upper back contact of ASN relay 404, 
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and through resistance 420 to control conductor 
f0 of the bank motor control circuit. With 
the right rudder pedal depressed and the brush 
of rudder potentiometer RP moved toward the 
No. 1 terminal of its winding, potential of phase 
pf is derived therefrom and applied over the 
lower back contact of ASN relay 404 and through 
the potential divider comprising resistances 42 
and 422 to ground and, from a point between re 
sistances 42 and 422, potential is derived and 
applied as a potential of phase p through re 
sistance 423 to control conductor 0, opposing 
the banking effect. 

If the bank is being executed properly, the 
brush of the ball potentiometers BLP6 and BLP7, 
will not be moved from the center position with 
respect to their windings and consequently with 
the winding of potentiometer BLP bridged across 
the 40p and 40 p2 bus-bars as previously de 
Scribed, no potential will be applied from the 
brush thereof through the potential divider com 
prising resistances 320, 46 and 47, and there 
fore, no potential will be applied through re 
Sistance 49 to control conductor f0. If the 
brush of potentiometer BLP has moved towards 
the No. 1 terminal of its winding indicating a skid 
on a right turn, then potential of phase p will be 
applied from a point between resistances 4 f6 and 
47 through resistance 49 to control conductor 
Of , or if the brush of potentiometer BLP has 
moved toward the No. 3 terminal of its winding 
indicating a side-slip on a right turn, then poten 
tial of phase p2 will be applied from a point be 
tween resistances 46 and 47 through resistance 
49 to the control conductor 0. 

It will be noted that on a skid the potential 
of phase p will oppose the potential of phase p2, 
applied through the aileron potentiometer AIP 
to reduce the amount of indicated bank and that 
on a side-slip the potential of phase p2 will aug 
ment the potential of phase p2 applied through 
the aileron potentiometer ALP to increase the 
amount of the indicated bank. 
A further effect is introduced on the bank 

which results from the rate of turn. This effect 
is produced by the application of potential ap 
pearing at the brush of rate of turn potentiom 
eter RTP3, and which on a right turn will be a 
potential phase p2, over conductor 406, over the 
upper back contact of ASN relay 404, through 
the winding of true air Speed potentiometer 
TASP9 to ground, the potential derived at the 
brush of potentiometer TASP9 being applied 
through the potential divider comprising resist 
ances 424 and 425 to ground and the potential 
derived at the junction between resistances 424 
and 425 being applied through resistance 426 to 
control conductor Off. It will be noted that 
this potential augments the potential tending to 
increase the bank effect and increases with the 
rate of turn and with the true air Speed. 
The Sun of the potentials applied to control 

conductor !! 0 ! i controis the motor of the bank 
motor control circuit to rotate the shaft Of O 

5 and through unity ratio bevel gears 400 to ro 
tate the shaft 40 to a degree cominenSurate 
with the bank effect. As the shaft 40 rotates, 
the brush of potentiometer BKF3 is rotated into 
a position into which the potential applied from 
it through resistance 427 to control conductor 
10 l i balances the potentials applied to conduc 
to 0 as previously described. To supply this 
balancing potential, the winding of potentiom 
eter BKP3 is bridged through resistances 428 and 
429 between the 40p and 40 p2 bus bars and the 
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potential derived at the potentiometerbrush is 
applied over the potential divider connprising re 
sistance 430, 43 and 432 to ground, from a point 

- between resistances, 43f and 432 of which poten 
tial divider, potential is applied through resist- : 
rance 427 to control conductor . . When the 
potentials of phases pland p2 applied to con 
trol conductor G. balance, the motor of the 
bank motor control circuit arrests the rotation 
of Shafts . , and 4 . . These ShaftS: ha, VenOW 
been rotated to an amount commenSurate. With 
the angle of bank. 
Shaft f of drives the rotor of transmitting 

autosyn 25, the rotor winding of which is ener 
gized from the 490Cs and 40Gbus bars and the 
stator windings of which are connected over con 
ductors 026 and A2 with the stator windings 
of the receiving autosyn 463 which controls the 

• tipping of the horizon bar of the artificial... hori 
Zon instrument on :: the , pilot’s instrument panel 
"and which indicates the amount of the bank. do not balance, then the motor of the ball motor 
The stator windings of transmitting autosyn 825 
are also connected Over branches of conductor 
926 and 92 with the stator windings of the 

receiving autosyn 963 which controls the tip 
ping: Of the horizOn bar of the "artificial horizon : 
instrument, 96; at the instructor's desk and-in 
dicates the amount of bank. The rotor, windings 
of the receiving autosyns 463 and 963 are ener 
gized from the 400C and 4G bus: bars. 
The si instructor may tº alter the response to the 

aileron and rudder controls to simulate right or 
left wing heavy conditions, which would result 
from a consumption of fuel from the wing tanks 
or loss of an engine, by the operation of the lat- i. 
eral center of gravity rheostat. LCGR. The wind 
ing of this rheostat is energized over i conduc 
tors 9 and 98 and resistances. 433 and 434 
from the 40p and 4 (sp2 bus bars and the brush 
is connected over conductor 22 and through 
resistance 435 with control conductor of the 
bank motor contro circuit. For: example, if the 
brush or rheostat LCGR is moved toward the 
"No. 1 terminal of its Winding, indicating a right 
Wing heavy condition which would result through 
the loss of the left engine, potential of phase (p2 
would be applied from the brush over the circuit 
traced to control conductor 9 whereas if the 
'brush is moved toward the No. 3 terminal, in 
- dicating a left wing heavy condition, potential, 
of phase so would be applied to control conduc 
tor . This potential unless the pilot takes 

: steps to balance it out wiil affect the amount of 
bank which results from the operation of the 
aileron and rudder controls as previously de . . 
Scribed. 
. As a result of the operation of the rate of turn 
and bank motor control circuits, a control is ex 

cercised over the ball notor contiel circuit. Fol 
this purpose in response to the movement of the 
brush of rate of turn potentiometer RTP3, po 
stential derived therefon in accordance. With the 
direction and rate of turn, modified in accord 
ance With the true air speed by the potention 
eter TASP9 and applied through the potentia, 
divider comprising resistances 424 and 425, is ap 
-plied from the brush of potentiometer TASP9, 
Over conductor 436, through resistance 32 to 
control conductor: 95 of the ball motor corto 
circuit. Under the , conditions previously-as-: 
Sumed that a turn to the right is being executed, 
the brush of rate of turn potentiometer RTP3 
Will have been moved toward the No. 3 terminal 
of its winding to thus apply potential of phase 
p2 to control conductor 96. 
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Also in response to the movement of the brush 

of bank potentiometer BKF3 toward the No. 3 
terminal of its winding, in response to a bank 
for a turn to, the right, potential of phase pi 
Willige applied from a point between resistances 
430 and 43 of the potential divider including re 
sistances 430, 43? and 32, over conductor 437 
and through resistance 325 to control conductor 
96. If the potential applied to conductor 96 
by the rate of turn circuit and the potential 
applied to conductor 962 by the bank circuit are 
maintained equai and opposite during the turn 
ing maneuver, then the motor of the ball circuit 
is not operated and the brushes of the ball po 
tentiometers BLP and BLP will not move from 
the center positions of their windings and the 
rotor of the transmitting autosyn 962 driven; by 
the ball motor shaft 95 will not leave its zero 
position. However, should the turning maneuver 
be incorrectly executed so that these potentials 

control circuit will be operated to move the 
brushes of the ball potentiometers towards the 
No. 1 terminals of their Windings if a skid results 
Orto move the bilShes toWaid the No. 3 ter 
minals if a side-slip results. The movement of 
this brush of potentionleter BLP is effective to 
affect the bank and rate of turn motor control 
circuits as previously described and the move 
2nt of the brush of potention eter BLP6, is 

effective to apply a potential derived from the 
- Winding of Stch potentiometer Which is con 
nected in parallel with resistance 3.6, the mid 
point of which is grounded, through resistances 
3i and 3 is between the 40p and 40 p2 bus bars, 
through resistance 325 to control conductor 96 
of the bail motor control circuit, of such phase 
aS to balance the sum of the potentials applied 
to Such conductor through the operation of the 
rate of turn and bank motor control circuits. 
When this balance is obtained, the motor of 
the ball motor control circuit will stop and the 
rotor of the transmitting autosyn 962 will be 
stopped in a position indicative of a skid or a 
side-slip. 
The rotor winding of the autosyn 962 is ener 

gized from the 4 C and 40G bis bars and the 
Stator Windings are connected over conductors 
963 and 964 with the stator Windings of the re 
ceiving autosyns 483 and 583 which control the 
movement of those portions of the turn and bank 
indicators on the pilot's and co-pilot's instru 
Enent panels which simulate the movement of 
the balls. The stator windings of the transmit 
ting autosyn 932 are also connected over branches 
Of conductors 963 and 964 with the stator Wind 
ings of the receiving autosyn 983 which con 
trols the novement of that portion of the turn 
and bank indicator at the instructor's desk which 
Sintilates the movement of the ball. 

Also in response to the movement of the brush 
of rate of turn potentiometer RTP3, potential 
is applied from the brush thereof through re 
sistance 327 to control conductor 90 of the 
compass motor control circuit. The application 
of potential of phase p or phase p2 is in ac 
cordance With the direction of the turn simulated 
and at a rate, which is integrated from the rate 
of turn with respect to time. A rate of turn to 
the left.o. right causes the compass motor unit 
to tUn andi drive the autoSyn, compass indi 
cators of the trainer in the corresponding direc 
tion. A standard tUrri is one in which the com 
plete circuit is made in two minutes, Under this 
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condition the compass indicators will make a 
complete revolution in two minuts. 

For operating the remote reading compasses 
420, 520 and 920, located in the pilot's and co 

pilot's instrument panels and at the instructor's 
desk, the rotor of the transmitting magneSyn 
92 is driven through gearing from the shaft 90. 
The outside terminals of the stator windings of 
the magnesyn are connected to the 400C and 
400G bus bars and the junction points between 
the windings are connected over conductors 93 
and 94 and over front contacts of relay 49 
with the junction points between the windings 
of the receiving magnesyns 42 and 52, which 
drive the remote reading compasses 420 and 
520 on the pilot's and co-pilot's instrument 

panels. Branches of conductors 9 3 and 94 
are also connected to the junction points betWeen 
the windings of the receiving magnesyn 92 
which drives the remote reading compass 920 at 
the instructor's desk. The stator windings of 
magnesyns 42 f, ? 52 and 92 are energized 
from the ACC and 400G bus bars. 

For operating the magnetic compass 272), at 
the navigator's station, a transmitting autosyn 
95 is provided, the rotor of which is operated 
through gearing from the shaft 90 of the con 
pass motor control circuit. The rotor Winding 
of this autosyn is energized from the 400C and 
400G buSbars and the Stator WindingS are con 
nected over conductors 258 and 259 of cable 
2750 with the stator windings of the receiving 
autosyn. 272 which drives the compass 2720. 
The rotor winding of autosyn. 272 is energized 
from the 400C and 400G bUS bars. 
The gyro compass or directional gyro 4 on 

the pilot's instrument panel is driven by the re 
ceiving autosyn 472, the stator windings of 
which are connected by conductors 96 and 9 
with the stator windings of the transmitting 
autosyn 9 8. The stator windings of the trans 
mitting autosyn 98 are also connected over 
branches of conductors 96 and 97 with the 
stator windings of the receiving autosyn 972 
which drives the directional gyro 9 at the 
instructor's desk. The rotor Windings of the re 
ceiving autosyns 472 and 972 and of the trans 
mitting autosyn 98 are energized from the 400C 
and 400G bus bars. 
The rotor of the transmitting autosyn 98 is 

driven through gears 99 from the output shaft 
of differential gear box 920, one input shaft of 
Which is driven through gears 92 from the Shaft 
90 of the compass circuit and the other input 
shaft of Which is driven through gears 922 from 
the continuously rotating motor 923. Thus With a 
constant heading of the simulated flight (no rate 
of turn), the motor 923 will cause the directional 
gyro compasses to rotate six degrees every fif 
teen minutes for the purpose of simulating the 
action of the gyro compasses which require that 
the pilot reset them with the magnetic compasses. 
The compass motor control circuit in coopera 

tion with the true air speed variac TASW2 con 
trols the flight recorder motor control circuit of 
Fig. 2 to in turn control the flight recorder 900 
at the instructor's desk and, in cooperation with 
the filight recorder motor control circuit, con 
trols the drift sight at the navigator's station 
as Will later be described. 

Resumption of Straight line flight 
To resume Straight line flight, the pilot oper 

ates the left rudder pedal 400 to thereby rotate 
the brush of rudder potentiometer RP toward the 
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No. 3 terminal of its winding and operates the 
aileron. Wheel 45 to rotate the brush of aileron 
potentiometer ALP toward the No. 1 terminal of 
its winding. As a result of the movement of the 
brush of potentiometer RP, potential of phase p 2 
applied from its brush, over the lower back con 
tact of ASN relay 404 and through resistance 405 
to control conductor 06 of the rate of turn 
notor control circuit is reduced to a value less 
than that of potential of phase p applied to such 
conductor and as a result the notor of the rate 
of turn notor control circuit is operated to ro 
tate the shafts O60 and 45 controlled thereby 
in a direction indicative of a reduction of the 
rate of turn. At the same time the movement 
of the brush of aileron potentiometer ALP toward 
the No. 1 terminal of its winding results in the 
reduction of the value of the potential of phase 
p applied from its brush over the inner upper 
back contact of ASN relay 404 and through re 
sistance 420 to control conductor Of of the bank 
motor control circuit to a value less than that of 
the potential of phase p2 applied to such con 
ductor. As a result, the motor of the bank motor 
control circuit is operated to rotate the shafts 
OO and 40 controlled thereby in directions in 

dicative of a reduction of the bank. When the 
shafts of these motor control circuits rotate, po 
tention eters RTP3 and BKP3 are made effective 
So that When the late of turn indicators and 
bank indicators ShoW a Zero rate of turn and a 
Zero bank, the potentials applied to control con 
ductor ( 05 i Of the rate of turn motor control 
Circuit and to control conductor O of the bank 
motor control circuit Will be balanced. If the re 
turn to level fight condition is executed correctly 
the ball motor control circuit will be unaffected 
and the turn and bank indicators will show no 
movement of the balls thereof from their central 
positions. As a further result with the brush of 
the rate of turn potentiometer RTP3 now cen 
tered With respect to its winding, the condition 
of Zero rate of turn, no potential is applied 
through resistance 32 to control conductor 90 
of the compass motor control circuit and the re 
mote indicating and magnetic compasses come to 
rest. A turn to the left would be executed in the 
manner previously described through the depres 
Sion of the left rudder pedal 400 and by turning 
the aileron Wheel 45 in a counter-clockWise di 
rection. 

If during level fight the instructor should op 
erate the lateral center of gravity rheostat LCGR 
toward the No. 1 terminal of its winding, indica 
tive of a right wing heavy condition as previ 
ously described, potential of phase p2 would be 
applied from its brush over the circuit traced to 
control conductor O resulting in the Operation 
of the bank motor control circuit until the bank 
potentiometer BKP3 driven thereby applies suff 
cient balancing potential of phase p to conduc 
tor O to stop the motor of the bank motor 
control circuit. The bank indicators Will now 
indicate a right bank. Potentiometer BKP3 will 
also apply potential of phase p over the circuit 
previously traced through resistance 325 to con 
trol conductor 96 of the ball notor control cir 
cuit thereby causing such circuit to rotate the 
brush of ball potentiometer BLP6 until sufficient 
potential of phase p2 has been applied to the 
control conductor 96 - to balance the potential 
of phase p applied by bank potentiometer 
BKF3. Ball indicators will now be moved to the 
right through the operation of the ball motor 
control circuit. The movement of the brush of 
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ball potentiometer BLP now applies potential of 
phase p, through resistance 4f 8 to control con 
ductor 06 of the rate of turn motor control 
circuit whereupon the motor thereof rotates the 
shafts f O60 and 45 in such a direction that the 
rate of turn indicators show a turn to the right. 
The motor of this circuit stops the rotation of the 
shafts when the brush of potentiometer RTP3 
reaches a position in which the potential of phase 
p2, applied therefrom through resistance 409 to 
control conductor 06 balances the potential of 
phase p applied to such conductor by the ball 
potentiometer BLP. 
To counteract this right wing down condition, 

the pilot moves the aileron control wheel .45 
in a counterclockwise direction and pushes down 
on the left rudder pedal 400 thereby operating 
the aileron and rudder potentiometers ALP and 
RP in Such directions as to apply potentials to 
control conductors Of and 95 to cause the 
bank and rate of turn motor control circuit to 
return to positions in Which the indicators con 
trolled thereby will indicate Zero bank and zero 
rate of turn. As a further result the ball motor 
control circuit is controlled to return the ball in 
dicators to their neutral positions. To maintain 
the corrected level flight condition, the pilot may 
operate the aileron trim wheel AT and the rud 
der trim wheel RT to control the aileron and rud 
der trimming mechanisms í 518 and í 519 until 
no pressure is required to hold the left rudder 
pedal 480 depressed and the aileron wheel 4 3 
turned in its operated position. 

If a left wing heavy condition is simulated by 
the operation of the lateral center of gravity 
rheostat brush toward the No. 3 terminal of its 
winding, the bank, rate of turn and ball motor 
control circuits are similarly controlled but ro 
tate their shafts in the opposite directions where 
by the bank indicators show a left wing down 
condition, the rate of turn indicators show a turn 
to the left and the ball indicators move to the 
left. To counteract this condition, the pilot must 
depress the right rudder pedal 40 and turn the 
aileron wheel .45 clockwise. The position to 
which the pedal and wheel are moved may be 
maintained through the operation of the rudder 
and aileron trim wheels RT and AT in the proper 
direction to cause the trimming mechanisms 58 
and 59 to apply the proper loadings. 
When the wing heavy condition is removed at 

the instructor's desk by moving the slider of rheo 
stat LCGR to its center position, the rate of turn, 
bank and ball circuits will reoperate since the 
aileron and rudder controls have been so oper 
ated as to correct the Simulated flight to counter 
act such condition. It is then necessary for the 
pilot to reoperate the aileron and rudder con 
trols or change the trimming until the rate of 
turn, bank and ball circuits operate the rate of 
turn, bank and ball indicators to indicate a cor 
rected straight line flight condition. 

Change of longitudinal center of gravity 
As previously stated, one factor affecting the 

angle of attack of the simulated flight is the 
longitudinal center of gravity rheostat LoCGR at 
the instructor's desk. It has been assumed that 
the slider of this rheostat has been set by the 
instructor to a position 33 per cent from the No. 
3 terminal of its Winding, indicating the normal 
center of gravity of the aircraft the operation of 
which is being simulated. If, for example, the 
instructor should i shift the slider to the 28 per 
cent position to simulate a change in the dis 
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tribution of weight as would be occasioned by the 
moving of the crew from the rear, more poten 
tial of phase p would be applied from the slider 
of Such rheostat through the winding of angle of 
attack potentiometer AAP5 and consequently, 
more potential of phase p would be applied from 
the brush of the latter potentiometer, through 
resistance 52 to control conductor O2 of the 
angle of attack motor control circuit. As a con 
sequence the motor of this control circuit is 
operated to rotate the shafts O and 50 in 
directions indicative of a reduction in the angle 
of attack whereupon, potential of phase p ap 
plied over the brush of the angle of attack po 
tentiometer AAP3, thence as traced through re 
sistance 130 to control conductor 3 of the 
pitch-bar motor control circuit is increased and 
the motor of the latter circuit is operated to ro 
tate shafts 30 and 705 in directions simulat 
ing the nosing down of an aircraft. In response 
to the rotation of shaft í 3í 0, the autoSyns i 325, 
462, 562 and 962 control the upward move 
ments of the horizon bars of the artificial horizon 
instruments 46, 56 and 96f to indicate a 
nosing down of the simulated flight. As before 
described, the motor of the pitch-bar motor con 
trol circuit is brought to rest by the movement of 
the brush of balancing potentiometer PBP6 in a 
direction to apply balancing potential of phase 
p2 to control conductor f3. 
To counteract this, the pilot pulls back on the 

yoke 4 whereupon the brush of yoke potenti 
ometer YPi moves toward the No. 3 terminal of 
its Winding and increases the potential of phase 
p2 on the control conductor 02 of the angle of 
attack motor control circuit to cause the motor 
of such circuit to rotate the shafts OO and 50 
in directions indicative of an increase of the angle 
of attack. Thereupon the potential applied over 
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the brush of angle of attack potentiometer AAP3 
to control conductor 3 of the pitch-bar motor 
control circuit is so changed in value as to cause 
the motor of Such circuit to rotate the shafts 30 
and 705 in directions to return the horizon bars 
of the artificial horizon instruments to their 
neutral or level flight positions. 
Had the instructor shifted the slider of the 

longitudinal center of gravity rheostat LOCGiR 
to the 38 per cent position to simulate a shift 
of the longitudinal center of gravity aft, then the 
angle of attack motor control circuit would have 
been operated in Such manner as to indicate an 
increase in the angle of attack and the pitch 
bar motor control circuit Would have been con 
trolled thereby to cause downward movements of 
the horizon bars of the artificial horizon instru 
ments 46, 56 and 96 indicative of a nosing 
up of the simulated flight. To counteract this 
the pilot pushes forward on the yoke 4 where 
upon the brush of yoke potentiometer YP moves 
toward the No. 3 terminal of its winding and 
applies a potential to the control conductor if O2 
of the angle of attack motor control circuit to 
cause the motor thereof to rotate the shafts ff00 
and 50 in directions indicative of a decrease of 
the angle of attack. Thereupon the potential 
applied over the brush of angle of attack po 
tentiometer AAP3 to control conductor 3 of 
the pitch-bar motor control circuit is so changed 
as to cause the motor of such circuit to return 
the horizon bars of the artificial horizon instru 
ments to their neutral or level flight positions. 
When the slider of the longitudinal center of 

gravity rheostat LOCGiR is restored to its original 
33 per cent position at the instructor's desk, the 
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potential applied from the brush of such rheosta 
through the winding of the angle of attack go 
tentiometer AAPS is restored to the value which 
it had prior to the shift of the center of gravity 
and as a consequence the potential applied to the 
control conductor 02 by the movement of the 
yoke 4: by the pilot to overcone the nosing 
down or nosing-up tendency in posed by the shift 
in the center of gravity, over-balances the po 
tential applied through the angle of attack po 
tentioneter AAP5 and the angle of attack and 
pitch-bar motor control circuits are again oper 
ated to cause the horizon bars of the artificial 
horizon instruments to show a nose-down condi 
tion if the pilot had corrected for a nose-up con 
dition or to show a nose-up condition if the pilot 
had corrected for a nose-down condition. Noting 
the movement of the horizon bar, the pilot oper 
ates the yoke 4f to control the angle of attack 
and pitch-bar motor control circuits in the man 
ner previously described until the horizon bars 
again indicate a level flight condition. 

Change of weight 
It will be asSumed that the instructor now 

moves the slider of the weight rheostat WCR in a 
direction to increase the weight from the assumed 
45,000 pounds to 55,000 pounds. As a result, the 
potential of phase p applied from the brush 
thereof over conductor 364, through resistance 
Í 363 to the control conductor 362 of the weight 
motor control circuit is increased and in response 
thereto the rinotor of such circuit rotates the 
Shafts 369 and ill to positions indicative of an 
increase in Weight. The brush of weight po 
tentiometer WP2 is therefore moved toward the 
No. 3 terminal of its winding thereby increasing 
the potential of phase p2 applied through resist 
ance 53 to control conductor 62 of the rate of 
climb motor control circuit to a value greater 
than the lift potential of phase p applied to 
conductor S2 through resistance 597. There 
upon the Iinotor of the rate of climb motor control 
circuit is Operated to rotate the shafts 60 and 
55 in directions indicative of a reduction of the 
rate of climb, or a dive condition. In response to 
the rotation of shaft i i80, the rate of climb indi 
cators 441, 54 and 94t will show down in 
dications. 
As a result of the novement of the brush of the 

rate of climb potentiometer RCP toward the No. 
i terminal of its winding, potential of phase pl 
is applied over Such brush and over the circuit 
previously traced through resistance 729 to con 
trol conductor 3 of the pitch-bar motor con 
trol circuit, and in response thereto the motor of 
such circuit rotates the shafts f30 and 705 in 
directions indicative of a nose-down condition 
Which is indicated by the upWard movements of 
the horizon bars of the artificial horizon instru 
ments 46, 56 and 96. 
The pilot can correct this condition by apply 

ing more power by pushing the throttles of the 
Overhead equipment for Ward until the artificial 
horizon instruments indicate a return to level 
flight. As the throttles are pushed forward, the 
brushes of the throttle variacs 309L and 309R, 
are moved thereby changing the potentials in the 
control circuits of Fig. 52 of the manifold pres 
Sure motor control circuits of Fig. 41 as previously 
traced. As a result the shafts 40, 520 and 
450, 525 of the manifold pressure motor control 
circuits assume new positions. The manifold 
pressure indicatol's 724, 2327 and 28 O on the 
pilot's panel, Fig. 17, at the instructor's desk, Fig. 
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23, and on the flight engineer's instrument panel, 
Fig. 28, driven by the autosyns from the shafts 
40 and 460, now show an increase in manifold 
pressure. - 

As previously described the readjustment of 
the RMP4 and LMP4 potentiometers included in 
the control circuits of the R. P. M. motor control 
circuits of Fig. 40, cause the Shafts 50 and 55 
of the R. P. M. units to assume new positions re 
Sulting in an increase in speed of the tachometer 
generators RTG and LTG and a consequent in 
crease of the Speed indications on the tachometers 
located on the instrument panels of the trainer. 
As the R. P. M. motor control circuits set the 
shafts 400 and 489 into new positions corn 
mensurate with the increase in the speed, the 
Sound effects circuits are controlled to produce 
increased engine noises, new positions are given 
to the fuel flow shafts 480 and 485, to the W/ND 
shafts 490 and 495, to the brake horse power 
shafts 590 and 505, to the R. P. M. memory 
shafts 540 and 545, to the propeller pitch shafts 
550 and 555, to the brake mean effective pres 
Sure shaft 530 and to the thrust horsepower 
shafts 535 and 9. 
As a result of the movement of the thrust 

horsepower shaft 19, the brush of potentiometer 
TPT is moved toward the No. 3 terminal of its 
Winding thereby indicating an increase in thrust 
horsepower. This resultS in the application of 
more potential of phase p f over the circuit pre 
Viously traced through resistance. 637 to control 
conductor 26 of the indicated air speed motor 
control circuit resulting in the operation of the 

5 motor thereof to rotate the shafts 20 and 60 
in directions indicative of an increase in air 
Speed. With an increase in air Speed the brushes 
of indicated air speed variacs IASV6 and IASW 
move toward the No. 4 terminals of their wind 

f ings resulting in an increased potential of phase 
p applied over the circuit previously traced 
through resistance 50 to control conductor 62 
of the rate of climb motor control circuit. The 
motor thereof now operates to rotate shafts 60 
and 55 in directions indicative of a climbing con 
dition whereupon the movement of the brush of 
rate of climb potentiometer RCP toward the No. 
3 terminal of its winding causes the reduction of 
potential of phase p , previously applied over its 
brush to the control conductor 3 of the pitch 
bar motor control circuit whereupon the motor of 
that circuit operates to return the horizon bars 
of the artificial horizon instruments to their neu 
tral positions indicative of a return to level flight. 

Had the Slider of the weight rheoStat WCR. 
been moved in a direction to decrease the weight 
from an assumed 45,000 pounds to 35,000 pounds, 
the Weight motor control circuit would have been 
controlled to rotate the shafts 360 and to 
positions indicative of a decrease in weight 
whereupon the movement of the brush of weight 
potentiometer WP2 toward the No. 1 terminal of 
its Winding would have caused a decrease in the 
potential of phase p2 applied to control con 
ductor 62 of the rate of climb motor control 
circuit. In response to this decrease in potential 
Of phase p2 the notor of this circuit rotates the 
shafts 60 and 55 in directions indicative of an 
increase of the rate of climb to a climb condition 
Which is So indicated on the rate of climb indi 
Cators. As a result of the movement of the brush 
of rate of climb potentiometer RCP toward the 
No. 3 terminal of its Winding, potential of phase 
p2 is applied over such brush to control con 
ductor l3 | f of the pitch-bar motor control cir 
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cuit and in response thereto the motor of such 
circuit rotates shafts 30 and 705 in directions 
indicative of a nose-up condition which is indi 
cated by the upward movements of the horizon 
bars of the artificial horizon instruments. 
The pilot can correct this condition by reduc 

ing the power through the pulling back of the 
throttles thereby reducing the Speed of the en 
gines and the thrust horsepower output thereof 
in the manner described. In this case the brush 
of the thrust horsepower potentiometer TP1 will 
be moved toward the No. 1 terminal of its Wind 
ing thereby reducing the potential of phase p2 
applied thereover to control conductor 26 of 
the indicated air speed motor control circuit 
resulting in the operation of the motor of Such 
circuit to rotate the shafts 20 and 60 in direc 
tions indicative of a reduction in air speed. With 
a reduction in air speed the brushes of the indi 
cated air speed variacs IASW6 and IASW move 
toward the No. 2 terminals of their windings re 
sulting in a reduction of potential of phase p 
applied to control conductor 62 of the rate of 
climb motor control circuit. The motor thereof 
now operates to rotate shafts 60 and 55 in 
directions indicative of a diving condition. Where 
upon the movement of the brush of rate of climb 
potentiometer RCP toward the No. 1 terminal 
of its winding causes a decrease of phase p2 
potential previously applied over its brush to con 
trol conductor 3 of the pitch-bar motor con 
trol circuit, whereupon the motor of that circuit 
operates to return the horizon bai's of the arti 
ficial horizon instruments to their neutral posi 
tions indicative of a return to level fight. Under 
these conditions the manifold preSSure motor 
control circuits will operate the manifold pres 
sure indicators to show a decrease in manifold 
pressure, due to the reduced throttles and the 
lower engine. Speeds. 

Wing ice conditions 
It will be assumed that the level flight condi 

tion which prevailed prior to the making of 
changes in weight by the instructor now prevails 
and that the instructor desires to simulate the 
condition of wing ice. He first turns the Setting 
knob of the air temperature control rheostat 
OTR, shown in Fig. 25, in a counter-clockwise 
direction for an outside air temperature of -10 
C. The movement of the slider changes the 
value of the current flowing over the circuit from 
the slider of rheostat OTR, through rheostat AR, 
through the outside air temperature indicator 
OT at the instructor's desk, through the outside 
air temperature indicator 283 at the flight engi 
meer's instrument panel, Fig. 28, through the 
outside air temperature indicator 526 at the 
co-pilot's instrument panel and thence to the 
brush of the altimeter potentiometer AP5. As 
a result of the change in current flow the indi 
cators move their pointers from their former 
positions indicating an outside air temperature 
of -15° C. to positions indicating a temperature 
of -10° C. 
The instructor then moves the slider of the 

wing ice rheostat WIR to approximately the mid 
point of its winding thereupon increasing the 
resistance in the circuit previously traced 
through the winding of weight potentiometer 
WP2 over which potential of phase p2 is applied. 
As a result the potential of phase p2 applied from 
the brush of potentiometer WIP2to control con 
ductor 62 of the rate of climb motor control 
circuit is increased and the rate of climb and 
pitch-bar motor control circuits function in the 
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manner previously described in connection with 
the Simulation of an increase in Weight and the 
Operation of the brush of Weight rheostalt WP2. 
The rate of climb indicators controlled by the 
rate of climb motor control circuit now show a 
doWn indication and the horizon bars of the arti 
ficial horizon instruments are raised by the 
pitch-bar motor control circuit to show a nose 
down condition. 
The pilot observing the nosing down and down 

rate of climb indications proceeds to remove the 
drag imposed by the simulated nosing down con 
dition by moving the throttles forward to secure 
more power. The apparatus functions in re 
Sponse to the throttle control in exactly the same 
manner aS previously described in connection 
With the Simulated addition of Weight. 

Simulated operation of de-icer 
To simulate the operation of de-icing equip 

ment to remove or prevent the formation of ice 
On the Wings of an aircraft, the de-icer motor 
control circuit of Fig. 36 is proVided. The motor 
of this circuit rotates first in One direction and 
then in the other betWeen limit SWitches to cause 
the de-icer indicators to oscillate from minimum 
to maximum. To control the motor circuit the 
flight engineer operates the de-icer key 3326 and, 
With DAI relay 3327 previously operated by the 
closure of circuit breaker 3328, a circuit is estab 
lished for the IC relay 3329 which may be traced 
from ground On buS-bar GB, over the lower con 
tacts of relay 332, over the contacts of key 3326 
and through the Winding of relay 3329. Relay 
3329 upon operating establishes a circuit from 
ground over its upper contacts, over conductor 
333 of cable 33i)0 to battery through lamp 
2262 at the instructor's desk to indicate that 
the de-icer has been started. Relay 3329 over 
its lower contacts establishes an obvious circuit 
for de-icer lamp 333 on the flight engineer's con 
trol panel to indicate that the de-icer is operat 
ing and establishes a circuit from ground over its 
middle upper contacts and start conductor 3332, 
over the upper back contact of D relay 3636 of de 
icer motor control circuit, Fig. 36, and through 
the left shaded pole winding 363 of the motor 
3643 to ground thus short-circuiting Such Wind 
ing. With the main stator winding 3639 ener 
gized from the source of 115-volt 60-cycle alter 
nating current, the motor 3640 operates and 
through the reduction gear box 364 rotates the 
shaft 3642 in a direction to permit the L limit 
switch contacts 3643 to close thereby closing an 
obvious circuit for LI, relay 3644. Relay 3644 
upon operating connects ground over its upper 
contacts to start conductor 3332 to insure that 
the motor 3640 will return shaft 3642 to its nor 
mal position even though the flight engineer 
should release the de-icer key 3326, and over its 
lower contacts prepares a locking circuit for D 
relay 3636. 
After an interval Simulating the time required 

for the de-icing equipment of an aircraft to build 
up a pressure of seven pounds, the L2 limit SWitch 
contacts 36.45 close thereby establishing an ob 
vious circuit for relay 3636 which Operates and 
locks over its lower contacts under the control 
of relay 3644 and at its upper transfer contacts 
opens the previously traced shunt of the left 
shaded pole winding 3637 of motor 3340 and 
closes a shunt around the right shaded pole Wind 
ing 3638. The motor 3640 now rotates in the 
opposite direction opening at the L2 limit Switch 
contacts 3645 the operating circuit for relay 3635 
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and, after an interval simulating the time re 
quired for the de-icing equipment of an aircraft 
to reduce the pressure to Zero, the Lil limit Switch 
contacts 3643 are opened thereby releasing relay 
3644 and in turn opening the locking circuit of 
relay 3636 which also releases. With relay 338 
released, the direction of rotation of niotor 36t 
is reversed and the motor circuit repeats the 
cycle of operations so long as the fight engineer 
maintains ground connected to Start conductor 
3332 by the operation of the de-icer key 3326. 

In response to the movement of shaft 3642 the 
rotor of the transmitting autosyn 3646 is rotated 
first in one direction and then in the otheir. The 
rotor winding of this autosyn is energized from 
the 40 OC and 400G bus-bali'S and the Stator Wind 
ings thereof are connected over conductor's of 
cable 364 with the stator windings of the l’eceiv 
ing autosyn 2.338 which drives the de-icer pres 
sure indicator 2339, Fig. 23, at the instructO'S 
desk and over the upper No. 4 and No. 5 contacts 
of relay 322 and over conductors of cable 3220 
with the stator Windings of the receiving autoSyn 
2857 which drives the de-icer pressure indicator 
2808 on the flight engineer's instruinent pallei, : 
Fig. 28. The rotor windings of these receiving 
autosyns are energized from the 40C and 456 
bus-bars. Under the control of the transmitting 
autosyn 3646 the pointers of the de-icer pressure 
indicators 2339 and 2838 oscillate from a mini 
mum pressure indication of Zero pounds to a 
maximum pressure indication of Seven pounds. 
As a further result of the Operation of IC re 

lay 3329 in response to the operation of de-ice: 
key 3326 a circuit is closed from ground over the : 
inner upper contacts of relay 3329 and conduc 
tor 3334 of cable 3380 to battery through the 
anti-icer lamp 2263 at the instructor's desk. The 
rheostat 3333, which in an actual aircraft controls 
the anti-icer, is made ineffective in the trainer 
by a short circuit of its Winding. 

It will now be aSSumed that the ice condition 
is removed by the use of the de-icing niechanism 
and that therefore the instructor returns the 
Slider of the Wing-ice rheostat WIR to its nor 
mal position adjacent the No. 3 terminal cf its 
Winding. With the resistance of the rheostat re 
moved from the previously traced circuit through 
the winding of weight, potentiometer WP2, the 
potential of phase (52 applied from its brush : 
through resistance 5F3 to control conductor f 82 
of the rate of climb notor control circuit is de 
creased and the motor of the rate of climb motor 
Control circuit is now operated to rotate shafts 

60 and 55 in directions indicative of an up 
rate of climb which will now be indicated by the 
rate of climb indicators. As a further result of 
the rotation of shaft 55 the late of climb poten 
tiometer RCP is readjusted to control the appli 
cation of potential to the control conductor 3 
of the pitch-bar motor control circuit whereupen 
the motor thereof rotates the shafts 30 and 
705 in directions indicative of a nose-up condi 
ton of flight which is now indicated by the de 
preSSion of the horizon bars of the artificial hori 
ZOn instrumentS. 
The pilot observing the nosing up and up rate 

of climb indications corrects this condition by 
reducing the power by pulling back the throttles 
of the overhead equipment thereby reducing the 
Speed of the engines and the thrust horse-power. 
A reduction of the thrust horse-power results it 
the reduction of the air speed, in the reduction of 
the rate of climb to zero and in the return of the 
horizon bars of the artificial horizon instruments 
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to their neutral positions indicative cf level flight 
in the manner previously described in connection 
with the consideration of a change in the weight 
of the simulated aircraft. When a condition of 
level fight is indicated by the instruments the 
throttles are left in their adjusted positions at 
which time the manifold pressure indicators will 
indicate manifold pressures for both engines of 
27.5 inches of mercury. 

Simulation of ice in the Pitot tube 

In an aircraft the air Speed indicator is op 
erated by a change in barometric pressure, pres 
sure being supplied for operating it through a 
Pitot tube. If ice collects in the Pitot tube the 
indicator will cease to function accurately. To 
simulate this condition a Pitot ice key 923 at 
the instructor's desk, Fig. 19, is operated to the 
“on' position establishing a circuit from ground 
over its contacts, over conductor 924 to battery 
through the winding of relay 430. With relay 
430 operated the receiving autosyns 432, 532 
and 2732 are disconnected from the tranSinitting 
autosyn 225 driven by the indicated air speed 
motor control circuit so that should the pilot push 
the yoke 4f forward to simulate a descent the 
rate of climb, angle of attack, indicated air speed, 
a timeter and pitch-bar motor control circuits 
will function in the manner previously described 
in connection with the climbing maneuver but 
to control the indicators to indicate a down rate 
of climb indication, a decreasing altitude and an 
elevation of the horizon bars of the alrtificial 
inorizon instruments to indicate a nose-down at 
titude. But with relay 430 operated the air 
speed indicators 143í, 153 í and 273 í will show 
::) increase in air speed Which would result in 
i'esponse to the simulation of a diving maneuver. 
The fact that the air Speed indicators do not 
function is indicative that ice has formed in the 
Pitot tubes. Upon observing this condition the 
pilot pulls the yoke 4 back until level flight 
is again indicated. 
To clear the ice from the Pitot tubes heaters 

' are provided in an aircraft. The functioning of 
these heaters is simulated in the trainer. For 
this purpose the left and right Pitot switches 

| 129 and 30 at the pilot's pedestal are operated 
to the "on' positions whereupon with PH relay 
3335 operated by the previous closure of the cir 
cuit breaker 3336, a circuit is established from 
ground on bus bar GB, over the front contacts 
of relay 3335, over conductor 3385 of cable 3380, 
Over the contacts of Switches 729 and 730 and 
Over conductors if 3i and f 132 to battery through 
the left and right Pitot heater on lamps 2607 and 
2608 at the instructor's desk, Fig. 26. To dis 
continue the Pitotice condition which would dis 
appear in resp3rise to the operation of the Pitot 
h2aters, the Pitot key 923 is moved to the “off' 
position releasing relay 430. If the yoke 4 is 
iiOW moved forward to cause the operation of the 
angle of attack, rate of climb, indicated air speed, 
altitude and pitch-bar motor control circuits in 
the manner previously described to simulate a 
diving maneuver the air speed indicators (43, 
53 and 213 f will again be operated to show an 

illcrease in air Speed indicating that the Pitot 
icing condition has been eliminated. The pilot 
Will then restore the heater switches 729 and 
3 to their "off" positions thereby extinguish 

ing lamps 257 and 2608. To simulate the rise in 
temperature Which would eliminate the icing con 
dition previously described the instructor may 
now restore the outside air temperature rheostat 
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OTR to its former position whereupon the outside 
air temperature indicators OT at the instructor's 
desk, 526 at the co-pilot's station and 233 on 
the flight, engineer's instrument panel, will 
change their readings from -10° C. to -15° C. 

Sinitiation of rough air conditions 
In flight through rough air the readings of the 

artificial horizon, altimeter, ball, rate of climb 
and rate of turn indicators will vary erratically 
and to simulate these conditions the circuits and 
apparatus disclosed in Fig. 8 have been Supplied 
for the trainer. This apparatus and the manner 
in Which it functions has been fully disclosed in 
the Germanton Patent 2,460,743, but a brief de 
Scription thereof will be given herein. The ap 
paratus Comprises two motor driven sequence 
SWitches driven by the notors MR, and MR2 of 
the shaded pole type. The sequence switches are 
of the general type disclosed in Patent No. 
1,127,808, granted February 9, 1915, to J. N. Rey 
holds and C. E. Baldwin. 
The motor MR has its main stator Winding 

energized from the 115-volt source of supply and 
has its rotor geared through the reduction gear 
bOX 826 with the driving shaft 828 of a first 
Sequence Switch having the contact closing cams 
805 to 824, inclusive. The motor MR2 has its 
main stator Winding energized from the 115-volt 
Source of Supply and has its rotor geared through 
the reduction gear box 802 with the driving 
shaft 804 of a second sequence Switch having 
the contact closing cams 829 to 843, inclusive. 
Each of the sequence switches has eighteen con 
tact closing positions each of which positions : 
may provide different circuit combinations. It 
can be designed to stop in any one of the posi 
tions, Cams 85 to 824, inclusive, and cams 839 
to 43, inclusive, are so cut that in any contact 
closing position, indicated by the Small numera is 
placed on either side of Such cams, the contact 
becomes closed 5 degrees before the indicated 
position is reached and is again opened 5 degrees 
after the indicated position is left. For eXan 
ple, referring to cam 85, the position marked ; ; 
'1' becomes closed in position 34 and becomes 
opened in position 1A. Can 829 is so cut that 
it is closed in all positions except when the SWitch 
is centered in any one of its regular stopping 
positions. 
The rheostats i 924 and 925 and start key 

926 at the instructor's desk, Fig. 19, control the 
value of potentials of phase (p and phase sp2 
connected over conductors 928 and 929 and 
contacts of M relay 853 to cams 806 to 85, in- ; 
clusive, and cams 86 to 824, inclusive. 
When the instructor desires to introduce a, 

rough air condition into the simulated flight to 
ascertain if the crew in training reacts correctly 
to the imposed condition, he operates the key 
f326 thereby establishing a circuit from ground 
over its right contacts and conductor 92, over 
the upper No. 3 back contact of ASN relay 
403, over conductor 437 and through the Wind 
ing of relay 853 to battery and ground. Relay 
853 thereupon operates to short-circuit One of 
the shaded pole windings of motor MR where 
upon such notor starts and through the gear box 
826 rotates the cams 805 to 824, inclusive, of the 
first sequence switch. With key 926 and relay 
853 operated, potential of phase pi, impressed 
from the Ap bus bar through resistance 1933 
and the Winding of rheostat | 924, is applied from 
the sider of such rheostat over the middle con 
tacts of key 926, over conductor 1928, over the 
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lower contacts of relay 853 and over the right 
contact of can 85 to all cams of the group 85 
to 85, inclusive, and potential of phase p2 in 
pressed from the 40 p2 bus bar through resist 
aince 934 and the Winding of rheostat i 925, is 
applied from the slider of such rheostat over 
the left contacts of key 926, over conductor 
929, over the inner lower contacts of relay 853 
and over the upper right contact of can 824 to 
all cams of the group 8? 6 to 824, inclusive. 
The cams of the sequence Switches inlay be lin 

any one of their eighteen contact closure posi 
tions at the time the motor MR is started into 
rotation but for clarifying the description it will 
be assumed that the cams of the upper Sequence 
switch, which will be hereinafter identified by 
the motor designation MRI, are driven into the 
No. 1 contact position when the motor is Started 
as just described and that the cams of the Sec 
ond sequence switch, which will hereinafter be 
identified by the motor designation MR2, are 
standing in the No. 1 contact position. As the 
switch MR, passes through positions 1 and 2 a. 
circuit is established from the p2 Source Con 
nected to can 8.7, over its upper left contact 
closed in positions 1 and 2, over the lower left 
contact of cam 84, the right contact of can 
343, through resistance 846 to ground and a de 
rived potential is applied over conductor 84 and 
through resistance 526 to control conductor iO2 
of the angle of attack motor control circuit. The 
application of this potential causes the motor of 
the angle of attack motor control circuit to rotate 
the shaits O and 50 in directions indicative 
of an increase in the angle of attack. As previ 
ously described the angle of attack motor con 
trol circuit affects the rate of climb, the alti 
meter, indicated air speed and the pitch-bar mor 
tor control circuits and therefore the rate of 
climb, altimeter, indicated air speed and the 
artificial horizon instruments are controlled to 
indicate the effect imposed by the rough air cir 
cuit. 
As the switch MR passes through positions 1 

and 2 a circuit is also established from the phase 
p2 source connected to cam 824, over the upper 
left contact of cam 86, the lower contact of Cain 
83f, the right contact of cam 834, through re 
sistance 848 to ground and a derived potential 
is applied over conductor 849 and through resist 
ance 438 to control conductor 06 of the rate 
of turn motor control circuit whereupon the no 
tor of this circuit rotates the shafts 060 and 
A5 in directions indicative of a tendency to 
turn to the left or reduce the rate of turn to the 
right. This tendency will appear as a change 
in the readings of the rate of turn indicators. 
As the switch MR passes through positions 

1 to 3A2, inclusive, a circuit is also established 
from the phase p source connected to can 85, 
over the upper left contact of can 809, over the 
lower left, contact to can 837, the lower right 
contact to cam 836, through resistance 85 to 
ground and a derived potential is applied over 
conductor 85 and through resistance 439 to con 
trol conductor of the bank motor control 
circuit, whereupon the motor of that circuit ro 
tates the shafts () and 40 in directions in 
dicative of a tendency to bank for a turn to the 
left. This tendency will appear as a change in 
the reading of the artificial horizon instru 
ments and through the control of the ball motor 
control circuit will cause the balls of the ball 
indicators to move. 
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AS the Switch MR, passes through positions 
13 to 14/2, inclusive, a circuit is established from 
the phase p source connected to cam 8 5, over 
the upper left contact of cam 80, over the lower 
ieft Contact of can 83, over the right contact of 
can 833, through resistance 848 to ground and 
OVer conductor 339 to control conductor OS of 
the rate of tlin motor contro circuit. Since po 
tential of phase p is now applied the rate of turn 
(hotor control circuit is operated in the opposite 
direction of rotation from that previously de 
Scribed to cause reverse settings of the rate of 
trn indicators. 
As the switch MR, passes through positions 15 

to 172, inclisive, a circuit is established from the 
phase p2 Source of current connected to cam 824, 
Over the upper right contact of cam 86, over the 
OWer left COntact of cam 83, the right contact of 
Can 834, through resistance 848 and over con 
ductCl 883 to control conductor 06 of the rate : 
of turn motor control circuit. Since potential of 
phase q2 is now applied to the control conductor 
the Inotor of the rate of turn motor control cir 
Cillit is controlled to operate in the opposite di 
rection of rotation to that just described resuit- 2 
ing in reverse settings of the rate of turn in 
dicators. 
AS the SWitch MR, passes through positions 15 

to 18, inclusive, a circuit is established from the 
phase p í Source connected to cam 815, over the ; 
lower left contact of cam 8:0, over the lower left 
Contact of can 84?, over the right contact of 
can. 843, through resistance 846 and over con 
(ductor 84 to the control conductor 02 of the 
angle of attack motor control circuit. Since"po 
tential of phase p is now applied the motor 
thereof is controlled to operate in the opposite 
direction of rotation from that previously de 
Scribed resulting in reverse settings of the rate 
of climb, altimeter, indicated air speed and the ???; 
artificial horizon instruments. 
As the SWitch MRI passes through position 17 

a circlit is established from ground over the 
lower left and upper right contacts of cam 805, 
through the winding of relay 852 to battery and 
ground Whereupon relay 852 operates and locks 
in a circuit through its winding, over its upper 
Contacts, Over the right contact of cam 830 of 
Sedience Switch MR2, closed in position 1, to 
ground Over the lower contact of can 829 until 
SWitch MR2 has been advanced out of position 1. 
Relay 852 alsC establishes a circuit from ground 
Over the lower contact of cam 829, over the left 
contact of can $33, the upper left and lower right 
Contacts of can 895, over the lower contacts of 
relay 52 and through the left shaded pole wind 
ing Of Imotor MR2. Motor MR2 now operates 
When Switch iVIR passes through position 1834 
and through the reduction gear box 802 rotates 
Shaft 884 and the cans 829 to 843, inclusive, of 
the Second sequence switch from position 1 into 
position 2. As the cam 829 rotates it closes a cir 
Cuit from ground over the contacts thereof and 
through the shaded pole winding of motor MR2 
until can $29 has moved to a position indicative 
that the cams of the switch driven by motor MR2 
have been centered the Stopping position 2. 
Motor MR2 then stops and relay 852 releases. 
With Switch MER2 now in position 2 the rota 

tion of switch MR; through another complete 
revolution again establishes circuits from the 
phase pi and phase g2 sources to conductors 847, 
BS and 85; and when it again reaches position 

?????? 

17 relay 83 is again operated followed, when 
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switch MR reaches position 1834, by the oper 
ation of motor MR2 and the advance of switch 
MR2 into position 3 in the nanner just described. 
In this manner switch MR makes successive 
revolutions and Switch MR2 is advanced from 
position to position so long as the instructor 
maintains key 926 operated. 
The control exercised over the angle of attack, 

ball, rate of climb, pitch-bar rate of turn and 
bank motor control circuits during one complete 
cycling of the switches MR and MR2 is fully set 
forth in the application of Germanton, Serial No. 
542,982 hereinbefore referred to, While the ef 
fects of the rough air circuit upon the elevator, 
aileron and rudder trimming mechanisms 57, 
58 and 59 by which loading is applied to the 

yoke, aileron and rudder controls is not illus 
trated, such effects may be applied as are dis 
closed in the Germanton application. It is to be 
noted that the intensity of the rough air effects 
may be controlled by the adjustment of the slider's 
of the rheostats 924 and 925. The pilot in re 
Sponse to the instrument indications will attempt 
to counteract the conditions imposed by the 
rough air circuits by the operation of the yoke, 
aileron and rudder controls. When the key 926 
is released, the rough air circuit ceases to function 
following the release of relay 853 and the irreg 
ular movements of the indicators cease. 

Operation of the flight recorder 
For the purpose of recording the simulates 

flight which is conducted in response to direc 
tions given by the instructor, a fight records: 
99 is provided at the instructor's desk which is 
capable of novenient over a chart placed on the 
upper Surface of the desk. To start the flight, re 
Coirder, the instructor operates switch 335 foln 
ing a part of the recorder 900. 
The ground Speed of an aircraft in fight is de 

termined by the true air speed as modified by the 
effect of the wind velocity and the direction of 
the actual track of the aircraft is determined by 
the bearing of the aircraft as modified by the 

In the trainer the true air speesi 
Of the sinuiated fight is determined by the true 
aii Speed motor control circuit of Fig. 7 as pre 
viously described, which is instrumental in posi 
tioning the shaft 3 and thus adjusting variac 
TASV2 in accordance with the true air speed. 
The bearing of the simulated fight as determined 
by the steering controls of the trainer, is deter 
mined by the compass motor contro circuit of 
Fig. 9 which is instrumental in positioning te 
shaft 940 and through gears in priSitioining thi?: 
rotor of the transmitting autosyn ASC. Tihe 
Winding of variac TASV2 is connected between 
the 4 (p and 40 p2 bus bars and potential of 
either phase (p or phase (p.2 derived at the brush 
of Such variac is applied through the rotor wind 
ing of the autosyn ASC. The rotation of the ro 
tor of this autosyn by the compass motor control 
circuit causes the variation of potentials induced 
into its three stator windings in a measure pro 
portional to the rate of change of the compass 
bearing and causes the strength of such poten 
tials to be varied proportionally to the change in 
the true air speed, 

Since the track of the simulated flight is de 
termined not only by the air speed and flight 
bearing but also by the wind velocity and direc 
tion, provision is also made for introducing these 
factors into the control of the flight recorder. 
For this purpose two variacs WVV and WVV2. 
the sliders of which are adjustable in accordance 
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with the assumed wind velocity, and a trans 
initting autosyn DWA, the rotor of which is ro 
tatable in accordance with the assumed wind di 
rection, are provided at the instructor's desk, 
Potential of phase p is applied across the Wild 
ing of variac WWVf, a potential derived from the 
slider thereof is applied across the Winding of 
variac WVV2 and potential derived from the 
sider of the latter variac is applied through the 
rotor winding of autosyn WDA. The adjustment 
of the sliders of the variacs and the rotation of 
the rotor of the autosyn causes the variation of 
the potentials induced into the three Windings of 
the Stato Of autOSSIn WA in a, meaSue propor 
tional to the change of Wind direction and 
Causes a, Change Of the Strength Of Sutch poten 
tials proportionally to the change in the wind 
velocity. 
The Stator Windings of autosyn WDA are con 

nected over conductors i336, 937 and 938 with 
the left windings of transformers 328, 329 and 
33, the right windings of which trainsformers 
are connected between the stator Windings of 
autosyn ASC and the corresponding stator Wind 
ingS of the contro transforme:S CTi and CT2 
whereby the potentials in the corresponding 
windings of the transmitting autosyns ASC and 
WDA. are added and applied to the Windings of 
the contro trasformerS. The rotors of the cO 
trol transformers are driven through gears 33 f 
and 332 from the Shaft 39 which is driven 
through gears 39, the reduction gear box 3f 
and the gears 32 by the servo-inotor M3. The 
gear trains 33 and 332 have the Saine ratio and 
therefore the rotorS are driven at the Sanne Speedi 
but they are positioned in quadrature with re 
Spect to each other. 
The potential induced into the rotor winding 

of the contro tranSforner CT is applied Over 
conductors 333 and 334 to the input circuit of the 
annplifier circuit AMP comprising the two volt 
age amplifier tubes WT and WT2 connected in 
cascade, a dual triode tube WT3, one unit of 
which serves to invert a portion of the output of 
the other unit thereof and two annplifier tubes 
WT4 and WT5 connected in push-pull relationship 
between the output circuits of the tube WT3 and 
the primary windings of the output transformer 
2. Filament heating current is Supplied to the 
tubes of amplifier circuits AMP and to the cor 
responding tubes of amplifier circuit AMP2 from 
the lower secondary winding of power trans 
forine 22. Anode potentials for the Voltage 
alaplifier tubes WT and WT2 and the correspond 
ing tubes of amplifier circuit AMP2 are supplied 
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from the upper Secondary winding of trans 
former 202 through the rectifier tube VT6, and 
Screen grid potential is supplied to the tubes WT4 
and WT5 and to the corresponding tubes of an 
plifier circuit AMP2 through the rectifier tube 
VT6 and the rheostat 23. TThe flamentS of the 
rectifier tube WTS aire heated by current Sup 
plied through the middle seconday Winding of 
transformer 282. Anode potential for tubes WT, 
WT2 and WT3 and the corresponding tubes of am 
plifier circuit, AMP2 is supplied from the plate 
hattery 204. 
The potential amplified by the amplifier cir 

cuit; AMP and impressed upon the primary wind 
ings of output transformer 2 is applied from 
the Secondary Winding of Such transformer Over 
conductors 25 and 26, across the control phase 
winding of the stator of Servo-motor M3, the other 
stator Winding of Which is energized over con 
ductors 267 and 208 from the left secondary 
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winding of power transformer 209. So long as 
there is an output potential from the amplifier 
circuit AMP, both phase windings of motor M3 
Will be energized and the notor Will Operate co 
tating the shaft 309 at a slow speed in one direct 
tion or the other dependent upon the polarity of 
the potential received from the rotor winding of 
the control transformer CT with respect to the 
instant polarity of the potential applied to the 
other phase winding of motor M3. The rotation 
of shaft, 309 results in the rotation of the rotor 
of control transformer CT until it aSSunes a 
position in which the potential induced into its 
winding becomes zero at which time the COn 
trol phase winding of motor M3 receives no potein 
tial and the motor comes to rest. 
The rotation of shaft 309 in addition to rotat 

ing the protoirs of control transformerS CT aldi 
CT2, also, through the gears 308 rotates the rotor 
of transmitting autosyn FRA for controling the 
orientation of the flight recorder 9 of Fig. 19. 
The rotor winding of this autosyn is connected 
ower conductors 335 and 336 and over terminals 
on the cross-connecting rack 936 With the rotor 
winding of the receiving autosyn (not shown) of 
the fight recorder, these windings both being 
energized by current from the Secondary Wind 
ing of power transformer 209. The stator wind 
ings of the transmitting autosyn are connected 
over conductors 337, 338 and 339 and over Othe 
terminals on the cross-connecting rack 936 With 
the Stator Windings of the receiving autoSyn of 
the fight recorder. This receiving autosyn is 
thus controlled by the transmitting autosyn FRA 
to Orient the steering wheels of the flight re 
corder in accordance with the true track of the 
simulated fight course. The fight recorder is 
disclosed and described in more detail in the 
Holden Patent 2,486,784. 
At the time the rotor of control transformer 

CT is rotating to a position in which the po 
tential induced into its winding is reduced to Zero, 
the rotor of control transformer CT2, being 
mounted in quadrature with respect to the rotor 
of transformer CT, receives an increasing in 
duced potential from its associated Stator Wind 
ings. This potential is applied over conductors 
209 and 210 across the input side of the amplifier 
circuit AMP2, is amplified thereby and impressed 
through the output transformer 2 across the 
control phase stator winding of the servo-motor 
M2, the other phase stator winding of which is 
supplied with potential from the Secondary Wind 
ing of the power transformer 209 over the nor 
mally closed contacts of the limit, switches 32 
and 23. The motor M2 therefore operates aid 
through the reduction gear box 2: 4 rotates the 
shaft, 25. 
The motor M2 will rotate the shaft 25 in One 

direction or the other dependent upon the po 
larity of the potential received from the rotor 
winding of control transformer CT2, as angli 
fied by the amplifier circuit AMP2, and impressed 
upon the control phase winding of motor M2 with 
respect to the instant polarity of the potential 
applied to the other phase winding of the motor 

209. This polarity dif 
ference will in turn depend upon Whether the 
summation of the movements of the rotors of 
autosyns ASC and WIDA is in one or the Other 
SESE. 
As the shaft 25 rotates it moves the brush of 

potentiometer 26, the winding of which is ener 
gized by potential applied thereto from the Source 
of supply through the windings of transformer 




























































